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ABSTRACT

The alimentary canal and reproductive systems of Stvigatella paupevcula
(Linnaeus), Austvomitva vubiginosa (Hutton) and Peculatov hedleyi (Murdoch)
are described in detail and compared with those of several allied species. The
main features of the head-foot, pallial cavity, renal organ and circum-oesophag-
eal ganglia are briefly indicated.

The species described fall into 3 families, the Mitridae, Vexillidae and Volu-
tomitridae, each family having a very distinctive type of alimentary canal. A
peculiar epiproboscis, present in the proboscis of the Mitridae, serves as a
vehicle for the salivary ducts. Accessory salivary glands and a gland of Leib-
lein occur in the Vexillidae and the Volutomitridae, but are both absent in the
Mitridae. Whereas the alimentary canal of the Vexillidae and Volutomitridae
have several features in common, their genital tracts are quite distinct. The
reproductive structures in the Vexillidae and Mitridae are very similar. Com-
mon features of the species considered include an anal gland, columellar plaits
and lack of an operculum, as well as an overall similarity of their shells, fea-
tures the author considers to be of secondary importance in assessing their
relationships at the family level. Other features of the Mitridae (s.s.) not
found in the other 2 families include a purple hypobranchial secretion, vase-
shaped egg capsules, and a ventral pedal gland in the female. The egg capsules
of Austvomitva and Microvoluta are hemispherical. The renal organ has the
primary and secondary lamellae in separate areas in the Mitridae, but they are

interdigitated in the other 2 families.

There do not appear to be any significant

differences in the circum-oesophageal ganglia of the 3 groups.

INTRODUCTION

The mitrids have long been objects of
curiosity and pleasure to conchologists
and their colourful shells are often
prized incollections of Indo-Pacific mol-
luscs. Very little, however, is known of
the morphology of these animals which
are classically placed together in 1
family and are distinguished by their
heavy, often small shells with strong
columellar folds and relatively small
apertures.

Cernohorsky (1966, 1970) and Coan
(1966) have recently reviewedthe genera

of the family Mitridae which, according
to Cernohorsky, is composed of 4 sub-
families in which are included about
500 Recent species.

The mitrids, as a group, are found
most abundantly in the Indo-Pacific re-
gion, although many species are known
from other areas. Some species inhabit
rocky shores or coral reefs where they
nestle under boulders or coral blocks,
or in crevices, whereas others burrow
in sand. The biology of the vast majority
of mitriform gastropods is very poorly
known and practically no information is
available on their feeding habits.

lpresent address: Australian Museum, Sydney, Australia.
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The first account of mitrid anatomy
is that of Quoy & Gaimard (1833) on the
gross anatomy of Mitva mitra (Linnaeus)
{=episcopalis Linnaeus) and the exter-
nal features of several species. Vay-
ssiére (1901) described the structure
of the proboscis of Mitra zonata Marryatt,
and later (1912) the external features of
the living animal, The first work of
importance, however, was that of Risbec
(1928) who described various aspects of
the morphology of 5 species of mitrid,
These included Mitra scutulata (Gmelin)
(=Strigatella scutulata), M. crvenulata
(Gmelin) (=Ptevygia cvenulata), M. ve-
tusa Lamarck (=Strigatella vetusa), M.
micvozonias Lamarck (=Pusia Sp., pro-
bably P. consanguinea Reeve), and M.
luculenta Reeve (=Vexillum luculentum).
In 1955 Risbec compared Vexillum hebes
(Reeve) with these species. Cernohorsky
(1965, 1966) and Cross (1967) described
the living animal of some species and
made brief mention of some of their
habits. Cernohorsky (1970) briefly re-
viewed the anatomy of the group. Cate
(1968) gave an account of the mating
behaviour of Mitrva idae Melville and its
egg capsules., Egg capsules have also
been described for Strigatella scutulata
(Habe, 1944), Mitva astrvicta Reeve and
Strigatella auriculoides (Reeve) (Oster-
gaard, 1950) and M. filavia (Linnaeus)
(Cernohorsky, 1966). Cernohorsky
(1970) described the egg capsules of 4
additional species. The radulae of the
mitrid gastropods have received special
attention from Troschel (1868-1869),
Cooke (1920), Peile (1922, 1936, 1937),
Barnard (1959), Azuma (1965), Cerno-
horsky (1966, 1970) and Cate (1967).

Risbec (1928) and Quoy & Gaimard
(1833) have commented on the difficulty
of dissecting these animals. Their very
thick shells, into which the animal re-
tracts to a considerable degree, make it
very difficult to extract an undamaged
specimen,

In the present study the anatomy of
Stvigatella paupevcula (Linnaeus), Aus-
tromitra vubiginosa (Hutton)and Pecula-
tor hedleyi (Murdoch) aredescribedand,
where material was available, compared

briefly with allied species. Particular
stress is given to the morphology of the
alimentary canal and reproductive sys-
tems, but the main features of the head-
foot, pallial cavity, circum-oesophageal
ganglia and renal organ are also briefly
outlined, Because of the lack of anato-
mical and cytological information about
this group most of the informationavail-
able to the writer is presented in this
account.

The main object of this study was to
provide a firmer basis for familial
classification of the mitriform gastro-
pods on anatomical grounds.

The terminology used here follows
Carriker (1943) for the proboscis and
its associated structures and Fretter
(1941) for the genital systems.

None of the shells of the species
described are figured as in each case
adequate illustrations can be readily
found elsewhere in the literature as
indicated. Representative specimens of
the material used in these observations
are housed in the Dominion Museum.

MATERIAL AND METHODS

The localities from which material
was collected are mainly in New Zealand
and the New Hebrides, S.W. Pacific
Ocean. More detailed collection data
are entered preceding the description of
each species. Specimens were fixed for
histological examination in Bouin’s fluid.
Material was double embeddedby Peter-
fi’s celloidin-paraffin method (see Pan-
tin, 1962) and sections were cut at 7-9 p
and stained with Mallory’s triple stain,
Other specimens were dissected after
fixation in Bouin’s fluid, formalin or
after preservationinalcoholand, in some
cases, dissected alive.

PART 1

STRIGATELLA PAUPERCULA
(Linnaeus)

1758 Voluta paupercula Linnaeus, Syst,
Nat. ed. 10, p 731,

1965 Strigatella paupevcula; Cernohor-
sky, Veliger, 8: 112, pl. 17, fig. 59.
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A full synonymy and description of the
shell of this species is given by Cer-
nohorsky (1965), and the radula is also
described by that author (1966). The
material used for the following account
was collected at Port Vila, Efaté Island,
in the New Hebrides, in January, 1967.
The species was abundant in the upper
part of the shore where they clustered
in crevices amongst coral blocks.

The rather short foot is dark-brown
above, and has a white sole. The snout,
siphon and tentacles are white distally,
and dark brown proximally. A long slit
across the anterior edge of the foot
forms the opening to the anterior pedal
gland. In female specimens a broad,
white, transverse strip runs down the
right side of the foot from the pallial
cavity, and anteriorly, a small ventral
pedal gland is present. A columnar
epithelium covers the foot above where
it is cuticulate and the distal halves of
the epithelial cells are filled with pig-
ment granules., The ciliated sole epi-
thelium is thicker, and rich in mucous
cells.

The long pallial cavity contains a very
large, brown osphradium and a slightly
longer ctenidium on the left side, and a
narrow, thick hypobranchial gland is
wedged between the ctenidium and the
gonoduct. This gland has a smooth in-
ternal surface and in life produces a
purple secretion similar to that seen in
some other mitrids (Cernohorsky, 1965).
The much larger Mitra mitra has the
hypobranchial gland pleated as in Buc-
cinum (Dakin, 1912) and Alcithoe (Pon-
der, 1970 ), and also produces a pur-
ple fluid that stains the hands and has
a pungent odour (Quoy & Gaimard, 1833).
The ctenidial filaments are triangular,
with the width of their bases slightly
less than their height. The curved os-
phradium has about 40 filaments on its
concave lower (left) side and 70 on its
upper side.

No close study was made of the cir-
culatory, renal, or nervous systems,
although it was noted that the renal
organ has a very similar structure to
that of Perrier’s (1889)“méronéphri-

diens,” with the primary and secondary
glandular lamellae separated. The cir-
cum-oesophageal ganglia show a marked
concentration, and are of the normal
rachiglossan pattern (Fig. 6H).

The Alimentary Canal

The most conspicuous feature of the
alimentary canal is the massive probo-
scis. The external shape of this struc-
ture hasbeenindicated in several species
by Quoy & Gaimard (1833), who also
gave a brief description of its morpho-
logy in Mitra mitva. Vayssiére (1901)
described the internal structure of the
proboscis of Mitva zonata, as did Risbec
(1928) in the species that he examined.
All of these authors commented on the
prominent and unique structure of the
mitrid (s.s.) proboscis which has gen-
erally been regarded as a poison gland
(Risbec, 1928; Thiele, 1929; Cernohor-
sky, 1965, 1966). It was referred to as
a “tongue” by Quoy & Gaimard (1833)
and as a protractile organ by Vayssiére.
The present investigation shows that
there is no glandular tissueinthis struc-
ture and that it is in fact a muscular
rod that acts as a vehicle for the sali-
vary ducts., To avoid ambiguity a new
term, epiproboscis, will be used here.
The Proboscis. In preserved material
the pleurembolic proboscis measures
up to about 2/3 of the length of the shell
when extended and as little as 1.6 mm
when fully retracted. The wrinkled
appearance of the extended organ shows
that it is capable of further elongation,
Retraction of the proboscis, as revealed
in preserved material, is achieved in 2
ways, although it is probable that 1 of
these may be due to an unnaturally vio-
lent contraction brought about by con-
tact with the preservingfluid, Specimens
preserved in alcohol usually have the
proboscis irregularly folded into the
proboscis sac. Its walls are heavily
pleated and its overall diameter is only
slightly greater than the average dia-
meter of the protracted organ., Practi-
cally none of the proboscis wall is
inverted to form part of the proboscis
sac. In formalin-fixed material the pro-
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boscis was usually considerably short-
ened and showed a subsequent increase
in diameter to nearly twice that of the
extended organ (Fig. 9A). The longitu-
dinal muscle layers in the wall were
correspondingly thicker duetothe severe
and possibly unnatural contraction and
much of the basal part of the proboscis
behind the epiproboscis was inverted to
form part of the proboscis sac. Many
specimens preserved in alcohol still had
the proboscis extended, thus suggesting
a sluggish withdrawal similar to that
mentioned by Quoy & Gaimard (1833) in
Mitva mitra.

The proboscis sac is very thin-walled
and spacious. When filled with the re-
tracted proboscis it causes the roof of
the cephalic cavity to bulge into the ante-
rior half of the pallial cavity. A wide,
powerful series of muscles, continuous
with the inner longitudinal layer of the
proboscis wall, run to the floor of the
cephalic cavity and become confluent
with the columellar muscle, whereas 2
lateral muscles with a similar origin,
attached to the roof of this cavity, make
up the mainproboscis retractor muscles.
A powerful sphincter muscle guards the
small rhynchostome (opening to the pro-
boscis sheath) through which the unpig-
mented proboscis is everted,

The rather thin proboscis wall con-
sists of an outer layer of circular
muscles, which are sharply separated
from a thicker, inner layer of longi-
tudinal fibres. A basement membrane
lies beneath the outer cuticularized cu-
boidal epithelium.

Sections through the buccal mass and
the middle part of the proboscis can be
seen in Figs. 1B, C, and a lateral view
of the anterior region of the proboscis
in Fig. 1A, The mouth is overhung by
an outer muscular rim, the peristomal
rim (p.r ) which is very similar to that
in the muricacean Urosalpinx cinevea
(Say) (Carriker, 1943). Short, powerful
muscles (p.r.m ) control this rim and
have their origin in the proboscis wall.
It does not appear that this rim can be
flattened to expose the mouth completely,

so that it may function, therefore, as a
sucker or a cushion. Running between
the mouth and the buccal cavity is a
ring of weaker oral retractor (o.r)
muscles. The oesophagus is loosely
bound to the proboscis wall by thread-
like buccal tensor muscles whichbecome
heavier and much more abundant around
the buccal cavity.

The buccal wall is composed of a
thick mass of circular muscles and a
superficial layer of longitudinal ones,
whereas its lining epithelium is covered
ventrally with stout cuticle over which
the odontophore moves. Bordering this
thick cuticular plate are the anterior
extensions of the dorsal folds (d.f ).

The odontophore (Fig. 2A) is pink in
life, short and wide, and covered dor-
sally by a thin sheet of transverse mus-
cle (Fig. 1B; d.t.m ). Wide odontophoral
cartilages (od.c ) extend the length of
the odontophore and come close together
in front, although they do not join. The
triangular, dorsal subradular membrane
protractor muscles (d.sm.p ) are at-
tached to the ventral edge of the ante-
rior portion of the cartilages and to the
radular sac. Below these muscles lie
the large dorsal subradular membrane
retractor muscles (d.sm.r ) which are
attached to the inner ventral edges of
the cartilages along the posterior /3 of
their length. As well as being fixed to
the subradular membrane these muscles
are fixed to the radular sac. The odonto-
phoral protractor muscle sheets(l.p.od )
lie laterally, being inserted inthe poste-
ro-lateral buccal wall, and run to the
posterior end of each cartilage. Below
these muscles lie the lateral subradular
membrane retractor muscles (l.sm.r )
which are attached to the dorsal edge of
each cartilage, and to the subradular
membrane after passing around the ven-
tral edge of the cartilages. Lying below
and near the anterior end of the odonto-
phore, and attached to the anterior end
of the odontophoral cartilages from
where they pass into the latero-ventral
wall of the buccal cavity, is a pair of
short, odontophoral divaricator muscles.



MORPHOLOGY OF MITRIFORM GASTROPODS 299

FIG. 1. A-D. Strigatella paupevcula (Linnaeus): A. Lateral view of the anterior end of the pro-
boscis opened fromthe left side; B. Transverse section of the proboscis through the odontophore;
C. Transverse section of the proboscis behind the epiproboscis; D. Radular teeth from 2 speci-

A transverse muscle (t.m ) runs ven-
trally between the anterior portions of
the odontophoral cartilages to which it
is attached. A series of short, dorsal

mens from Port Vila, Efaté Island, New Hebrides, showing variation. E. Imbricaria conovula
(Quoy & Gaimard). Radular teeth (Port Meslep, Efaté Is., New Hebrides).

odontophoral retractor muscles(d.od.r )
are fixed to the odontophoral cartilages
along the posterior 2/ of their length,
their area of attachment coinciding with
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FIG. 2. Strigatella paupevcula (Linnaeus). A. A schematic diagram of the odontophore and the
epiproboscis and its associated muscles viewed dorsally. B. Dorsal view of the buccal appara-
tus showing the epiproboscis and its associated dorsal muscles. C. Transverse section of the
posterior part of the mid-oesophagus to show the “typhlosole”. D. The stomach opened dorsally.
E. A transverse section of the muscular portion of the stomach. The cuticle lining is shown in
black. F. A transverse section of the intestinal region of the stomach.

TABLE 1. 'Radula variation in S. paupevcula

Cusp Width of Number of cusps

formula on lateral teeth
central .
on T (excluding

central - indistinct

tooth denticles)

2-1-2 62 9

2-2-3 85 9

2-2-2 40 5

2-1-2 59 6

2-1-2 50 4

2-1-2 42 5

All specimens from Port Vila, Efaté Is.

the insertion of the dorsal subradular
membrane retractor muscle (d.sm.r ).
The former muscles radiate dorsally and
ventrally and slope obliquely backwards
before becoming attached to the pro-
boscis wall, The posteriorly placed
strands of this muscle are longer and a
little heavier than those in front. A
pair of narrow, ventral odontophoral re-
tractor muscles (v.od.r ) are fixed to
the posterior end of the odontophoral
cartilages, and extend back through the
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proboscis to eventually anchor them-
selves in the floor of the cephalic cavity.
In addition, a pair of thin, broad, ventral
odontophoral protractor muscles lie be-
low the odontophore and are fixed to the
floor of the buccal cavity in front, andto
the posterior ends of the odontophoral
cartilages behind.

The radular sac (r.s ) is only slightly
longer than the odontophore and opens
out in the usual manner just before
bending downwards over the anterior
ends of the odontophoral -cartilages.
The worn radular teeth are presumably
loosened by the subradular membrane,
being resorbed in the ventral pocket at
the distal end of the radula. A thin
strip of muscle runs backwards from
this distal pocket and is attached to the
ventral surface a little in front of the
proximal end of the radular sac.

The radula of Strigatella paupervcula
has been described by Cernohorsky
(1966, p 110, fig. 17) but comparisons
of the radulae of several specimens
(see Table 1) has shown that an unusual
amount of variation exists (Fig. 1 D).
Peile (1936) hasalso shown radular vari-
ation in Mitra cucumevrina (Lamarck).

The salivary ducts (s.d ) are narrow
convoluted tubules which lie alongside
the oesophagus and, just before the
oesophagus opens into the buccal cavity,
they enter its walls to lie beneath the
dorsal folds in the usual manner. How-
ever, instead of opening into the buccal
cavity, they passventrally as exceedingly
fine ducts which merge just above the
thin-walled sheath of the epiproboscis
(Fig. 3).

The Epiproboscis. This muscular rod
is the most conspicuous feature of the
buccal mass (Figs. 1A, 3, 9A). Itgradu-
ally tapers anteriorly and when retracted
forms an introvert which lies ina sheath
(p.o.s ) beneath and behind the buccal
mass with its posterior portion arching
up to the end of the buccal mass. Thus
the epiproboscis forms a U behind, and
about 1 /2 times the length of, the odon-
tophore, It is translucent yellow in life
with smooth, glossy walls, and is at-

tached to the odontophore just above the
end of the radular sac by a short, bulky
retractor muscle (p.o.r ), This in turn
is fixed to the base of a pair of power-
ful dorsal odontophoral protractor mus-
cles which (Figs. 1A, B; 3B; d.od.p)
are incorporated in the wall of the
buccal cavity and lie on the dorsal sur-
face of the odontophore where they meet,
These muscles appear to have no homo-
logues in other neogastropods.

The whole of the U-shaped portion of
the epiproboscis lies loosely in the
proboscis cavity, except where it passes
through the 2 ventral odontophoral re-
tractor muscles (v.od.r ) to which the
epiproboscis sheath is loosely bound on
its inner (anterior) face by a transverse
muscular connection. It is this connec-
tion, and the posterior continuation of
the ventral odontophoral retractors that
Risbec (1928) refers to asa “horse-shoe
shaped muscle”; although it could more
appropriately be termed hairpin-shaped.
It appears as though this modification
of the odontophoral retractor muscles
serves to aid in the retraction of the
epiproboscis in harmony with the rest
of the buccal mass. It is not essential
in the manipulation of this organ how-
ever as its absence is noted in Pterygia
cvenulata (Risbec, 1928) and Imbricaria
spp. (herein).

The structure of the epiproboscis is
shown in Fig. 3. Throughout most of
the posterior U-shaped portion (Fig. 3),
the retracted organ is composed of an
outer sheath containing an external longi-
tudinal layer and an inner layer of cir-
cular fibres, The inner surface of the
ventral part of the sheath (Figs. 3b-d)
is lined with a very thin epithelium
covered with cuticle, but at the bend in
the U the epithelium crosses the gap
between organ and sheath and becomes
confluent with the epithelium of the non-
introvertible part of the epiproboscis,
which is thus, also, naked behind this
point (Fig. 3a). The epiproboscis has a
central core of longitudinal muscle (l.m )
which is surroundedby circular muscles,
The circular muscle is thick distally,
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FIG. 3. Strigatella paupevcula (Linnaeus). Semi-diagrammatic lateral view of the buccal appa-

ratus and the epiproboscis.
epiproboscis (see text).

but longitudinal muscles predominate in
the dorsal arm of the U, A strip of
longitudinal muscle fibres (o.l.m ) lies
dorsally along the whole ventral arm of
the retracted epiproboscis and has its
origin in the posterior mass of longi-
tudinal muscle fibres, This muscle
probably serves to bend the organ, while
the circular fibres cause it to elongate

The positions of the sections a-h are indicated.

a-h sections of

and the central longitudinal muscle core
withdraws it. Small blood spaces (b.v )
lie beneath the epithelium and these
would supply the turgor necessary in
protraction. The sheath remains dis-
connected from the buccal mass almost
to its opening below the mouth where it
is fixed to the outer integument by a few
muscle fibres., The combined outer
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integument and sheath can form a short
cone (s.s ) which projects forwards and
surrounds a portion of the epiproboscis,
thus acting as a supporting sheath, Be-
low the buccal mass the sheath has very
thin walls composed only of the epithe-
lium and a fewlongitudinal musclefibres,
but below the buccal cavity itis enclosed
by a muscular tunnel of longitudinal
fibres (Fig. 3¢, d).

The salivary ducts (s.d ) run on the
upper side of the sheath, just inside the
epithelium, to the bend in the U where,
along with the epithelium, they cross to
the non-invaginable portion of the epi-
proboscis. They then extend, as exceed-
ingly fine ducts, along this organ (Figs.
3b-e) until, just behind its tip, they be-
come embedded in a mass of connective
tissue and scattered longitudinal fibres
(Fig. 3f). Here they expand and become
confluent (Fig. 3g) and the combined
duct opens at the tip of the organ, ap-
pearing to be an invagination of the
outer epithelium at this point (Fig. 3h).

The epiproboscis thus functions as an
extensile vehicle for the salivary ducts.
It is likely thatthe saliva is administered
only in small amounts. The ducts are
very long and narrow, without cilia or
peristaltic muscles to aid the delivery
of the secretion.

On extension the epiproboscis is in-
verted at its posterior end and the re-
tractor muscle becomes surrounded by
the outer sheath. Only partial inversion,
up to the point where the hairpin muscle
is joined to the outer sheath, was ob-
served., Further protraction probably
includes the incorporation of the ventral
odontophoral protractor muscle into the
longitudinal core of this organ. Thus
retraction of the epiproboscis is probably
a 2 stageprocess, thefirstbeingachieved
by the withdrawal, by its contraction, of
the ventral odontophoral retractor mus-
cle from the introvert, and the secondby
using this muscle as a pivot, by the
contraction of the epiproboscis retrac-
tor muscle.

The Oesophagus. The anterior oeso-
phagus (Fig. 1, oes ) is adapted for the

passage of large pieces of food. It is a
wide, oval tube with low, longitudinal
ridges. Above the odontophore the
laterally placed dorsal folds (d.f ) are
readily distinguishable but they become
indistinguishable in the posterior por-
tion of the anterior oesophagus which
is nearly circular in section. The short,
ciliated epithelium has abundant mucous
goblet cells, although these are more
sparse ventrally in the anterior portion
which lies above the buccal mass, The
oesophageal wall is rather thin and con-
sists of a few outer longitudinal muscle
fibres and an inner circular muscle
layer.

A pair of oblique, glandular pads which
are inclined forwards from the dorsal
surface lie just in front of the nerve
ring and represent the valve of Leiblein,
They are lined with tall mucous cells
of the same type as those occurring in
the valve of Leiblein of other neogastro-
pods. There is no definite indication of
torsion such as occurs in some other
rachiglossans (Graham, 1941). The
anterior oesophageal ridges, however,
terminate at the glandular pads and are
inclined a little to the right, but, as the
dorsal folds are not distinguishable at
this point, and there is no distinct ven-
tral groove, no further direct indication
of torsion could be observed. There
are, however, mid-dorsally in the mid-
oesophagus, a pair of somewhat more
prominent ridges which have a non-
ciliated groove between them, These
ridges are covered with a slightly taller
epithelium than the rest of the mid-
oesophagus and are more richly supplied
with mucous cells. They probably re-
present the dorsal folds in their post-
torsional position. Before the oesopha-
gus leaves the nerve ring, a peculiar
swelling (Fig. 2¢), resembling a short
typhlosole, appears in the mid-dorsal
line and is bordered on either side by
the low dorsal folds. These {folds
cease at the commencement of the pos-
terior oesophagus immediately behind
the swelling. The swelling which con-
sists of an irregular cluster of small
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cells was observed in all 12 sectioned
specimens, and in dissected material.
It is sited where the gland of Leiblein
normally opens. That gland is absent
in this species, and the function of the
swelling is obscure. The remainder of
the mid-oesophagus is weakly ridged
and is lined with short, ciliated cells,
and mucous cells.

Behind the nerve ring the oesophagus
rapidly increases in diameter and forms
a wide storage crop behind the cephalic
cavity. The narrower anterior section
has tall, longitudinal ridges covered
with short, columnar cells with pale
cytoplasm and dense, red staining nu-
clei. These cells bear short cilia, and
mucous cells are abundant. At the end
of the pallial cavity the oesophagus
narrows a little below the posterior
pallial floor. Here it is buried in dense
connective tissue, and the epithelium
changes to weakly ciliated cuboidal cells
having dense cytoplasm and large cen-
tral nuclei with prominent nucleoli. Oc-
casional large goblet cells occur, but
otherwise no glandular tissueis present.
In addition the longitudinal ridges be-
come narrower and more irregular than
those in front but when the crop is dis-
tended with food these flatten out to
form a uniformly oval structure. The
outer wall of the oesophagus is very
thin and composed of only a few longi-
tudinal muscle fibres, and a little con-
nective tissue.

The Salivary Glands. These form a
relatively large mass about 0.8 mm in
length which lies over the cerebral
ganglia. They form a single compact
body which can be fairly readily sepa-
rated into 2 lobes, The cells are of 2
types. One has a bluish staining granu-
lar cytoplasm, and the other is filled
with purplish-red staining granules.
Both types occur with equal frequency
and are arranged in narrow, irregular
tubules. Although the salivary ducts
(Figs. 1B, C; 3; 2B, s.d ) have a ciliated
pavement epithelium near the glands,
they lose this where they come to lie
alongside the oesophagus, and have only

a wall of fibrous tissue,

The Stomach. The oesophagus opens
into a muscular gizzard-like structure
with 10-14 longitudinal ridges lined with
thick cuticle (Figs. 2D; m.r ; 2E). A
thick layer of circular muscle surrounds
these ridges which have an epithelium
of cuboidal cells, This region of the
stomach presumably effects the initial
breaking up of the food. As there is no
gland of Leiblein the first important
digestive enzymes commence thebreak-
down of the food in the stomach, A small
posteriorly pointing area, all that re-
mains of the main gastric lumen, lies
between the oesophageal and intestinal
arms of the stomach and is lined with
columnar cells, the irregular height of
which forms low, broad ridges. The
opening to the posterior digestive gland
(p.d.o) lies mid-ventrally immediately
behind the muscular region and a trans-
verse channel runs from this opening
across the posterior edge of the mus-
cular area, The anterior digestive
gland duct (a.d.o ) opens near the inner
end of the intestinal region. The intes-
tine (int ) emerges from the stomach on
the right, above the oesophagus. The
intestinal region (i.r ) correspondstothe
style sac of many prosobranchs. It has
numerous, tall ridges running obliquely
into a shallow groove, while on the
posterior face lies a pair of small folds
or typhlosoles (Fig. 2F; ty). These
typhlosoles are formed by columnar
cells with a few large goblet cells con-
taining refringent secretory masses.
The dorsal epithelium of the intestinal
region consists of small cuboidal cells
with relatively large nuclei, whereas
laterally and ventrally the cells are
even smaller and flattened.

The Digestive Gland. The large poste-
rior (left) lobe of the digestive gland
lies behind the stomach, and the rela-
tively minute anterior (right) lobe in
front, Their short ducts are lined
with a columnar epithelium continuous
with that of the stomach. The digestive
cells vary from 50-70 p in height when
mature, and appear to be of 1 type only,
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having orange-red-staining granules of
irregular size in the mature state.
“Immature” cells which lie between the
bases of the larger cells have colour-
less granules, and similar granules
occur in the distal borders of mature
cells, Some of the digestive cells have
weak cilia, but the majority are uncili-
ated. Islands of amoebocytes, containing
darkgreen refringent granules, are scat-
tered through the digestive gland., Cells
similar to these are a common occur-
rence in the digestive glands of steno-
glossans (Smith, 1967).

The Intestine, The opening to the in-
testine from the style sac is not guarded
by a sphincter muscle but an abrupt
change in the epithelium occurs. The
intestine curves downwards beneath the
renal organ, which encompasses it, be-
fore emerging on the right side of the
pallial cavity. A tall columnar epi-
thelium, which contains occasional gland
cells, lines the upper intestine, and
variations in its height form about 6 low,
irregular ridges whichdifferappreciably
from those of the style sac region. As
the intestine enters the pallial cavity,
red-staining glandular cells suddenly
become abundant in its walls. In the
middle part of the pallial cavity the
gland cells become less numerous and
the cilia longer. This rectal region
(Fig. 4A, F; r ) has many lcw folds and
continues unchanged to the anus which
is placed some distance back from the
mantle edge.

The Anal Gland. As typical of many
neogastropods, Strigatella has an anal
gland (Fretter, 1946: Smith, 1967), It
is composed of 1-4 tubules which extend
through most of the right pallial wall
(Fig. 4F; a.g ). The weakly cilatedcells
are like those in the anal gland of most
other neogastropods and contain brown-
staining granules, These granules are
accumulated in their distal ends which
are eventually nipped off. Amoebocytes
with similar granules are found around
the bases of the cells, The gland opens
just in front of the anus by way of a

very narrow, ciliated duct lined with
cuboidal cells.

Smith (1967) suggests that amoebo-

cytes carry the granules produced inthe
digestive gland to the anal gland which
then excretes them, and cites as evidence
the presence of amoebocytes carrying
granules around bases of the cells of
the anal gland. In Sirigatella, however,
the large, dark green-staining granules
in the digestive gland amoebocytes are
quite different from those in the amoe-
bocytes of the anal gland.
Food. Fragments of sipunculid worms
were found in the crop of several speci-
mens. Strigatella paupevcula has also
been observed feeding on sipunculid
worms near Honiara, Solomon Islands,
by Prof. J. E. Morton (pers. comm.).
[After this paper was written, Kohn
(1970) reported on the feeding behaviour
of Strigatella littevata (Pacif. Sci., 24:
483-486), which also feeds on sipun-
culids. ]

The Male Genital System

The Testis. The tubules of the testis
ramify through the digestive gland, al-
though they are concentrated on the
ventral side of the visceral mass. Sper-
matozoa are collected into a wide, tight-
ly coiled seminal vesicle (Fig. 4A; s.v )
which is lined with cells varying from
cuboidal to columnar in its upper region.
These cells often contain brown spher-
ules and in some areas their distal
ends are budded off, these being added
to the mass of sperm., Sperm ingestion
was observed taking place in some
groups of cells that had pseudopodial
processes developed on their distal ed-
ges. The anterior coils of the seminal
vesicle are wider and lined with pave-
ment epithelium,

The Vas Deferens. The renal vas defe-
rens has a ciliated epithelium which
forms longitudinal ridges and is sur-
rounded by a very thinlayer of connective
tissue. There is no sphincter muscle
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FIG. 4. A-G. Strigatella paupercula (Linnaeus): A. The male genital system, excluding the testis
~ B. A transverse section of the penis; C, D. Transverse sections of the anterior (C) and poste-
rior (D) parts of the prostate gland; E. The pallial oviduct opened dorsally and viewed from the
right; F. A transverse section of the pallial opening of the oviduct and of the bursa copulatrix.
G. A transverse section of the capsule gland. H. Imbvicavia conularis Lamarck: A transverse
section of the ventral channel.
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separating it from the seminal vesicle
and no gonopericardial duct, eventhough
it is buried in connective tissue of the
pericardial wall,

The Prostate Gland, A prostate gland
(pr ) commences at the posterior end
of the pallial cavity where it receives
the vas deferens, and is lined with tall,
narrow, ciliated cells with small blue-
staining granules and, inaddition, a mass
of similar staining cellsliesbelow. This
posterior portion, which is rather short,
is broader than the remainder of the
gland, and communicates with the pallial
cavity by way of a ciliated slit(Figs. 44,
D; pr.o ). The rest of the gland (Figs.
4A, C) has an enclosed duct, and the
glandular cells have larger, round nu-
clei. Their secretory granules stain
pale pink. There is no indication of a
line of fusion of an originally open
groove as seen in some muricids (Fret-
ter, 1941), Nearer the penis the gland
becomes narrower and consists of the
duct lined with short celumnar cells, and
a few blue-staining sub-epithelial cells
scattered around it. This portion of the
male system corresponds to the ejacu-
latory duct. Itisabout 150 pindiameter,
with a wide lumen, and continues un-
changed bulging from the pallial wall,
into the base of the penis.

The Penis. The penis (pen ) lies behind
the right cephalic tentacle. It is rather
elongate when at rest, oval in section,
slightly narrower at its base than in
the middle region, and tapers to a blunt
point. Its outer epithelium consists of
small cuboidal cells which are covered
with a thin layer of cuticle in the basal
portion, but have very short cilia dis-
tally. The penial duct (Fig. 4B; pn.d)
resembles the ejaculatory duct, apart
from being a little narrower, and fol-
lows a rather irregular path until it
opens at the distal tip of the penis.
This duct lies just outside a wide, cen-
tral area loosely filled with variously
orientated muscle fibres and surrounded
by a ring of circular muscle. This cen-
tral area is primarily a blood space
and probably plays a major part in the

elongation of this organ. The rest of
the penis consists of a mass of connec-
tive tissue and muscle fibres in which
lie loosely packed, blue-staining cells
like those surrounding the ejaculatory
duct (Fig. 4B).

The Female Genital System

Risbec (1928) and Quoy & Gaimard
(1833) both briefly mention the pallial
oviduct of the mitrids they examined,
but no detailed account has been given
of the reproductive apparatus of any
mitrid,

The Ovary. The ovarian tubules of S.
paupercula ramify through the digestive
gland and tend to occupy most of the
upper visceral mass when mature. The
eggs are of moderate size (up t0o0.3 mm
diam.) and are filled with large yolk
granules,

The Upper Oviduct. The upper oviduct
is a straight tube lined with irregular,
non-cilated columnar cells with central
nuclei, These become cilated and form
longitudinal ridges as the oviduct passes
along the wall of the pericardium,
but there is no gonopericardial duct.
A few muscle fibres surround the
walls of this rather short portion of the
oviduct which is a little narrower (140-
160 ¢ in diameter) than the upper ovi-
duct, The renal oviduct enters the
albumen gland (Fig. 4E; alb ) a little in
front of its posterior end.

The Albumen Gland. A more or less
straight, ciliated channel lies on the
floor of the albumen gland and its thick
glandular walls have the same type of
histology as certain other rachiglossans
(Fretter, 1941). This gland is taller
than it is long, and its ventral, ciliated
channel continues as a short, wide, non-
muscular duct into the capsule gland
(cap ), as the ventral channel of that
organ.

The Ingesting Gland. The duct of the
ingesting gland (i.d ) is a dorsal out-
growth of the duct between the capsule
and albumen glands and both are lined
with a ciliated, cuboidal eipthelium.
This duct arises on the outer (right)
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side of the oviduct and opens into the
ingesting gland (i.g ) dorsally. The upper
portion of the duct, about 250 p wide,
is surrounded by a thin muscle layer,
absent from the more ventral portion,
and contains masses of orientated sperm.
The ingesting gland is a spacious cavity
divided into 2 lobes by the intervention
of its duct, It is lined withlarge colum-
nar cells very like those seen in most
other Neogastropoda (Fretter, 1941).
They have yellowish-brown-staining cy-
toplasm and are 100-200 p in height.
Sperm lie in irregular masses, or in
large orientated bundles like those in
the upper part of the duct, and are in-
gested, along with yolk granules, by the
epithelium.
The Capsule Gland. The capsule gland
(Figs. 4E, G; cap ), which occupies most
of the pallial oviduct, is oval in section,
with thick lateral lobes which have the
epithelium organized in the same way as
in the rachiglossan species investigated
by Fretter (1941). Several glandular
regions in the capsule gland are indi-
 cated by their different staining proper-
ties, although these are variable in
extent in different specimens. A pale-
blue-staining area (b.a) lies in the
posterior region of the gland, this being
bordered in front by 2 transverse strips
of non-staining mucous cells(m.a ) which
are followed by a purple-staining zone
(p.a). The middle part of the gland
(Fig. 4G) has a lateral reddish-orange-
staining area (0.a ) bordered above and
below on both sides by a narrow wedge
of blue-staining cells (b.a ) and, on the
dorsal wall, by a wide strip of colour-
less mucous cells (m.a ). This latter
zone is unlike the other glandular areas
in being a simple epithelium which is
folded into shallow alveoli and has cili-
ated cells throughout. The other areas
have ciliated cells only in the outer
layer of columnar epithelium and have
thick, multicellular glands lying below.
The ventral channel (v.c) is rather
wide, lined with a cuboidal, strongly
ciliated epithelium 20-25 p thick and is
overhung by a single fold on the left

(1.f ). A low ridge on the right (a.v.l)
is also distinguishable and is probably
homologous with the right foldin Alcithoe
(Ponder, 1970) and the antero-ventral
lobe in Nucella (Fretter, 1941). There
is no trace of a right ciliated fold. In
the anterior part of the capsule gland
the dorsal mucous zone migrates down-
wards to occupy all of the lateral gland-
ular surface at the anterior end of the
gland. A ciliated channel lined with
blue-staining gland cells only 50 p high
commences in the mid-dorsal line near
the anterior end of the capsule gland
and rapidly spreads to occupy all of its
dorsal wall.

The Vestibule and Vagina. The oviduct

narrows in front of the capsule gland
and is lined by simple, ciliated, colum-
nar cells and scattered mucous cells.
This portion of the oviduct (Fig. 4E;
vest ) is longitudinally ridged and quite
short, It lies on the inner side of the
bursa copulatrix and corresponds to the
vestibule in the species investigated by
Fretter (1941).

The vestibule rapidly narrows until
only the ventral channel remains. At
this point it is surrounded by a thick
layer of circular muscle fibres and be-
comes the vagina (va). Two dorsal
ridges of ciliated cells persist which
represent the 2 lateral walls of the
vestibule, and they contain occasional
large goblet cells., The ventral wall of
the vagina is lined with a non-ciliated,
pavement epithelium. The interior of
the whole structure is only 0.1 mm in
diameter,

The short vagina opens into the pallial
cavity (Fig. 4F) a little behind the anus,
and the gonopore is surroundedby a thick
muscular lip covered with small cuboidal
cells containing fine, brownish-staining
granules and very elongate nuclei, These
cells are strongly ciliated and merge
with the epithelium of the distal section
of the vagina which consists of cells
with longer cilia, pale blue-staining
cytoplasm, and oval nuclei.

The Bursa Copulatrix. The opening to
the bursa copulatrix (b.c ) lies abovethe
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gonopore, Its short, ciliated duct is
made up of a seriesofirregularly folded,
low muscular ridges which extend, with-
in the bursa, almost to the anterior
limit of this organ. These ridges in-
crease in size and gain additional mus-
culature as they approach the inner
bursal aperture, but do not extend much
behind it. The bursa copulatrix is an
oval body, circular in section and about
0.7 mm in diameter in its middle. It
commences just behind the anus and its
rather thin, but muscular, walls contain
both longitudinal and circular fibres, The
lumen is subdivided by a number of ir-
regular lamellae which are penetrated
by muscle fibres and lined with small,
dense, cuboidal cells covered with cuti-
clies Occasionally it is packed with
orientated and unorientated sperm, the
former attached by their heads to the
cuticle. This structure thus presumably
acts as a sperm receiving organ.

The Pedal Gland, A small ventral
pedal gland is present but is not obvious
in preserved material. It is a deep
depression situated a little behind the
anterior edge of the foot and has 3-4
layers of red-staining subepithelial gland
cells clustered above the pedal epithe-
lium which is, in this region, a little
shorter than that over the rest of the
sole.

IMBRICARIA SPECIES

Imbricaria conulavis (Lamarck)

1811 Mitva conulavis Lamarck, Ann,
Mus. Hist., Nat., 17, p 219,

1965 Imbricavia conulavis; Cernohor-
sky, Veliger, 8: 154, pl. 23, fig. 131,
text fig, 11.

Material was collected at Port Havan-
nah, Efate. Is., New Hebrides, on sand-
strewn coral rock just below low tide,

Imbvicaria conovula (Quoy & Gaimard)

1833 Mitva conovula Quoy & Gaimard,
Voy. Astrolabe, Zool., 2: 655, pl. 45b,
figs. 18-22,

1963 Imbricaria conovula; Cate, Veliger,
6: 41, pl. 8, figs. 55-56.

Material collected at Meslep, Efaté
Is., New Hebrides, just below low tide
on coral sand.

All of the specimens were, unfor-
tunately, in a fairly fragmentary state
owing to the difficulty of removing the
animal from the shell without damage.
Four specimens of [. conularis were
sectioned and 1 of I. conovula was dis-
sected.

The external appearance of the living
animal and the radula of I. conularis
have been described by Cernohorsky
(1965, p 155). The animal differs from
Strigatella species in not having the
dorsal side of the foot heavily pigmented
and in details of the radula, The absence
of considerable head-foot pigmentation
was also noticed in [. conovula and in
Mitva species.

The mantle cavity is similar to that
of Strigatella and although the overall
plan of the alimentary canal and repro-
ductive systems is very similar, there
are some differences. The proboscis
has only been observed in the retracted
state, in which it is relatively wider
and shorter than in Sivigatella and a
greater development of the retractor
muscles and thickness of the proboscis
walls are apparent. The buccal mass,
which is contained within the fully re-
tracted proboscis in Sirvigatella, pro-
trudes into the cephalic cavity in Im-
bricaria (Fig. 9C) and the much longer
epiproboscis is loosely folded behind.
This organ is attached to the posterior
end of the odontophore by several thin
muscles which run to several points on
the odontophore, including the base of the
large dorsal odontophoral protractor
muscles. The ventral odontophoral re-
tractor muscles are not connected to the
epiproboscis as they are in Stvigatella,
but a muscular cavity houses the organ
below the entire length of the odonto-
phore, whereas in Strigatella it is only
enclosed below the buccal region. The
detailed structure of this organ, how-
ever, is very like that of Strigatella.
The salivary ducts are relatively much
wider and less convolute than in Stviga-
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tella and the glands have fewer red-
staining cells than pale cells,

The radula of I. conulavis (=I. conica)
has been figured by Thiele (1929, p 341,
fig. 402) and Cernohorsky (1965, 1966),
and that of I. conovula, which has not
previously been illustrated, is here fig-
ured for comparison with that species
(Fig. 1E).

There is no sign of the peculiar
“typhlosole” or of a valve of Leiblein
in the mid-oesophagus, andthe glandular
epithelium of that region is more thickly
developed than in Strigatella. The sto-
mach and crop are similar to those in
Strigatella, although the crop does not
appear to be ciliated, and the intestinal
region of the stomach has only a fewlow
ridges developed. The digestive gland,
rectum and anal gland are like those of
Strigatella. The crop and rectum con-
tained radula teeth of what appear to
be turrid and rhipidoglossangastropods.

The genital systems of [. conulavis
differed in some respects from those
of Strigatella. No information about
these systems was obtained from the
specimen of I. conovula. The tightly
coiled seminal vesicle was lined with
an epithelium varying from cuboidal to
squamous, but no indication of sperm
ingestion was seen, A gonopericardial
canal could not be identified inthe avail-
able material. The prostate gland, al-
though relatively narrower, hadthe same
structure as in Stvigatella. The ejacula-
tory and penial ducts, however, are sur-
rounded by a thick layer of circular
muscle, and also retain the ciliated
epithelium seen in Stvigatella. The penis
is relatively much longer than in Striga-
tella, and has the same structure,

The ovary and ova are like those of
Strigatella. The presence or absence
of a gonopericardial canal could not be
verified, The albumen gland, ingesting
gland and its duct, and the capsule gland
all appeared to be the same as in Stvi-
gatella, although the ventral channel of
Imbrvicavia (Fig. 4H) has an additional

short, ciliated fold on the right. In
marked contrast to Strigatella, the bursa
copulatrix of Imbricaria has a massive,
muscular, internally ridged wall and the
pallial opening is wider, Itopensdirectly
into the bursa and to the vestibule by
way of a short, but very narrow vagina
buried in the bursal wall, The pedal
gland, as far as can be judged from
sectioned material, is relatively larger
than that structure in Strigatella.

In summary the anatomy of Imbricaria
species differs from that of Stvigatella
in the relatively longer epiproboscis,
shorter proboscis, small differences in
the buccal musculature and in the lack
of a typhlosole and valve of Leiblein on
the mid-oesophagus. The muscular
sperm duct and the massive, internally
ridged bursa copulatrix are the main
features of the reproductive tracts that
differ from Stvigatella.

MITRA SPECIES

The proboscides of several species of
Mitva have been examined and these are
of the same general plan as that of
Strigatella paupevcula. These species
include: M. mitra (Linnaeus), Apia, Sa~-
moa (Fig. 9B); M. stictica (Link) Nuie;
M. evemitavum ROding, Malekula Is.,
New Hebrides; M. chrysostoma Brode-
rip, Port Vila, Efaté Is., New Hebrides;
M. nigra (Gmelin), Long Reef, New
South Wales, Some variation in the
relative size of the buccal mass and
epiproboscis and in the development of
the peristomal rim was observed (Table
2), but there was remarkable conformity
to the plan found in Strigatella. In all
cases, the proboscis was long and, when
retracted, folded into the proboscis sac.
The proboscis of M. chrysostoma was
sectioned and found to be of nearlyiden-
tical structure to that of Strigatella.

The peristomal rim reachesits great-
est development in M. stictica where it
overhangs the relatively minute mouth,
Its anterior surface is strongly pleated
and has quite a different appearance
from the outer surface. This rim also
reaches a greater development in the
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TABLE 2. Relative dimensions of the shell, buccal mass and epiproboscis
in Mitra species.

Length Length of buccal Length of retracted
Species of mass (excluding epiproboscis behind
shell buccal cavity) buccal cavity
M, mitra 79 mm 2.3 mm 4.5 mm
M. stictica 53.5 mm 4.5 mm 4 mm
M. evemitarum 48 mm 2.4 mm 4 mm
M. nigra 55 mm 5.5 mm 10 mm

Each measurement based on a single specimen.

other species of Mitra in comparison
with Strigatella.

PART 2

AUSTROMITRA RUBIGINOSA (Hutton)

1873 Columbella (Atilia) vubiginosum
Hutton, Cat. Mar. Moll. N.Z., p 20.

1913 Vexillum vubiginosum; Suter, Man.
N.Z. Moll., p 366, pl. 18, fig. 7.

1927 Austvomitra vubiginosa; Finlay,
Trans. N, Z, Inst., 57: 410.

1970 Austvomitva vubiginosa;Cernohor-
sky, Bull., Auck. Inst. Mus. 8: 57, pl.
10, figs. 5-10.

Austromitra vubiginosa lives beneath
stones in the lower littoral throughout
New Zealand. It feeds, as alsorecorded
by Morton & Miller (1968), on various
species of tunicate, both solitary and
compound, and its egg capsules are
found embedded in their tests.

The black shell is usually about 8 mm
in length, although it occasionally reach-
es a height of 10 mm, has a tall spire
with weak axial ribs, and a narrow white
band just below the periphery. The
orange columella has 4 strong plaits,
and the aperture has a short anterior
canal. This species shows considerable
regional variation, particularly in shell
colour and in the strength of axial rib-

bing. The material examined was col-
lected at Leigh, northof Auckland, where
it occurs with a closely allied species,
A. rubivadix Finlay.2

The living animal has a moderately
long, slender siphon which projects well
beyond the short anterior canal of the
shell aperture. A broad, black band en-
circles the basal half of the siphon, the
rest being white. There are black,
radiating patches which are variable in
number and pattern onthedorsal surface
of the foot, and the rest of the foot is
translucent-white with opaque-white
spots. Long tentacles with black or
grey bases lie on either side of the head
which is black or grey dorsally, the
rest being white, There is no trace of
an operculum, The foot has short
lateral projections anteriorly and a slit,
the anterior mucous gland aperture,
across the front edge. The head-foot
of A. vubivadix differs from vubiginosa
in having much moreblack pigmentation.

The mantle cavity has no unusual fea-
tures. A large, pale brown osphradium
lies on the left alongside the ctenidium
which has triangular filaments, their
bases slightly narrower than their height.
The hypobranchial gland secretes a
dense, pale yellow-green secretion, and
cells of this colour are scattered amongst
opaque-white and colourless cells. All

2Cernohorsky (1970: 57) regards A. rubivadix as a synonym of A, vubiginosa.
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cell types occur in approximately equal
numbers and have a rather even distri-
bution throughout the gland, The mantle
ciliation is normal in pattern, with a
particularly strong exhalant current on
the right side which carries waste ma-
terial to the exterior.

The circum-oesophageal ganglia are
shown in Fig. 6D (p 319). Concentration
is fairly advanced although all of the
ganglia except for the pleurals are
separate, The supra-oesophageal gang-
lion has a rather long connective but
the sub-oesophageal ganglion is very
close to the right and left pleural gang-
lia, The cerebral ganglia are joined by
a very short, broad commissure,

The renal organ resembles that of
Nucella and Buccinum in Perrier’s(1889)
pycnonéphridiens in having the primary
and secondary renal lamellae intermin-
gled.

The Alimentary Canal

The Proboscis. When retracted the

short, broad pleurembolic proboscis

(Figs. 5A, 9D) has the posterior part

of the buccal mass projecting from its
~ inner end. The rather muscular pro-
boscis sheath is attached in front to
the cephalic cavity by a ring of retrac-
tor muscles and forms the basal part
 of the proboscis when it is protracted.
~ Although repeated attempts were made
'~ to induce the animal to feed in the labo-
ratory, they were not successful, so the
total length of the extended proboscis
and the feeding mechanism were not
observed. It appears, however, that
the proboscis is not capable of great
. elongation,

Cuboidal cells covered with cuticle,
| and abundant goblet cells make up the
| outer epithelium of the proboscis and
| its sheath, apart from the anterior por-
| tion of the latter which is ciliated. The
. proboscis wall consists of a thin outer
| layer of circular muscle and an inner
| longitudinal layer. This wall is thinner
| at the anterior end and there are a few
| subcutaneous gland cells amongst the
" underlying connective tissue and longi-

|

tudinal fibres. When the proboscis is
opened the delicate, narrow oral tube
(0.t ) leading from the minute mouth can
be seen. A thin-walled oral invagination
has a cuboidal epithelium continuous with
that of the outer wall, and this short
tube opens into a rather muscular, very
narrow part of the oral tube. The minute
accessory salivary gland duct openingis
on the antero-ventral edge of this mus-
cular part of the oral tube, which is
also rather short and is joined to the
proboscis wall by a series of thin,
radiating retractor muscles(o.t.r ). The
anterior invaginated portionis connected
by only a few thread-like fibres. The
muscular part of the oral tube has a
ciliated, cuboidal epithelium, but behind
this region the cuboidal epithelium is
non-ciliated and the oral tube very thin-
walled and concertinaed against the buc-
cal cavity. This part of the tube lies
loose in the proboscis cavity, but the
buccal cavity is firmly fixed to the pro-
boscis wall by numerous, thin, short,
buccal tensor muscles. The buccal
walls are very muscular, and are lined
with cuticle ventrally, whereas those
above remain ciliated. Presumably the
odontophore traverses the entire oral
tube, but it is not clear how this is
achieved.

The salivary ducts migrate down the
sides of the small buccal cavity to open
latero-ventrally near its anterior end.
The moderately large odontophore (od )}
protrudes into the buccal cavity. Well-
developed muscles surround the large
cartilages and a rather slender odonto-
phoral retractor muscle (Fig. 9, p 331
od.r ) runs from the posterior end of
the odontophore to the floor of the cepha-
lic cavity. Although functionally a single
muscle, it consists of partially fused
right and left elements. The rather
broad radular sac is the same length
as the odontophore and the teeth are
very like those of the genus Vexillum.
These consist of 2, curved, simple,
lateral teeth and a broad central tooth
in each row., The central is slightly
arched and has 15 pointed cusps (Fig.
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5B). A. rubivadix has the same number
of cusps on the central, but the lateral
teeth bear very minute denticles (Fig.
5E). There is no epiproboscis.

The Oesophagus and Salivary Glands.
The first portion of the anterior oeso-
phagus has muscular walls consisting
of an inner longitudinal and an outer
circular layer, but the posterior part
has very thin walls. Short, ciliated
cuboidal cells cover the prominent dor-
sal folds of the anterior oesophagus,
while the non-ciliated ventral channel and
the longitudinally ridged dorsal food
gioove are lined with cuboidal epithe-
lium. Only a few goblet cells can be
found in the anterior oesophagus, this
being in marked contrast to the situation
found in Strigatella.

The wide salivary ducts are about
50 1 in diameter and lie buried in the
dorsal folds which they enter just in
front of the valve of Leiblein. They
are lined with ciliated cuboidal cells,
and the short, free sections of the ducts
are surrounded by a few circular mus-
cle fibres. The ducts enter the large
glands (s.g ) near their antero-median
edges. They lie mostly on the left and
in the middle of the cephalic cavity and
cover most of the anterior, and some of
the mid-oesophagus. Each gland con-
sists of close-packed, semi-discrete
tubules which are made up of cells
containing masses of purple-red-stain-
ing granules.

The accessory salivary glands(a.s.g )
are large vesicles up to 250 p in dia-
meter which are lined witha non-ciliated
pavement epithelium, and outside this,
a coat of inner longitudinal muscles and
outer circular muscles. Each vesicle
is filled with a pale-blue-staining se-
cretion derived from a mass of gland
cells lying outside the muscle layers.
These cells are in 2-3 layers and stain
bluish-purple. The structure of these
glands is thus very like the accessory
salivary glands of Alcithoe (Ponder,
1970 ) and many other rachiglossans,
The ducts of the accessory salivary
glands (a.s.d) are lined with a non-

ciliated, cuboidal epithelium and are
surrounded initially by a few circular
muscle fibres, outside of which is a
single layer of gland cells. As the
ducts approach the proboscis they lose
the glandular tissue, become narrower
and eventually join below the odonto-
phore to form a single, very narrow,
coiled duct.

The valve of Leiblein (v.1) is a rela-
tively large bulb about 260 p indiameter.
Its thick glandular walls consist of 2
different-staining regions as is normal
in this structure (Graham, 1941; Wu,
1965). The anterior portion consists of
tall, colourless to pale blue-staining
cells which bear very long cilia, whereas
the posterior portion has taller cells
that stain dark purplish-red to purplish-
blue and have short cilia. Very long
cilia, which arise from a ring of colum-
nar cells at the posterior rim of the
anterior oesophagus, mingle with those
of the first glandular region to form a
cone-like mass in the middle of the
valve, but there is no projecting rim
derived from the anterior oesophagusas
there is in the muricids (Graham, 1941;
Wu, 1965) and in Alcithoe (Ponder,
1970). The ventral groove of the ante-
rior oesophagus remains as a ventral,
non-ciliated slit throughout the valve of
Leiblein, Just behind the valve the mid-
oesophagus suddenly narrowsand passes
through the nerve ring and its walls
become thin with weak longitudinal rid-
ges. The ventral groove is represented
by a narrow, non-ciliated ventral strip
with low dorsal folds lying on either
side. The remainder of the epithelium
is ciliated and has abundant goblet cells,
but as the mid-oesophagus nears the
posterior side of the nerve ring these
become less common., Behind the nerve
ring the mid-oesophagus suddenly ex-
pands, its walls becoming thick and
glandular. This epithelium is made up
of tall gland cells containing irregular
granules that appear semitranslucent
white in life, but stain purplish-red,
and these alternate with short, wedge-
shaped ciliated cells. Torsion occurs
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FIG. 5. A-D. Austvomitra vubiginosa (Hutton): A. Anterior alimentary canal; B. Radular teeth
(Leigh, north of Auckland); C. The portion of the mid-oesophagus just behind the nerve ring
. showing torsion; D. The stomach opened dorsally. E. Austromitva vubivadix Finlay. Radular
teeth (Leigh, north of Auckland). F. Vexillum luculentum (Reeve). Mid-oesophagus ventral
view. G-H. Vexillum plicarium (Linnaeus): G. Mid-oesophagus, dorsal view; H. Radular teeth
(Port Vila, Efaté Island, New Hebrides).
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just behind the commencement of the
glandular region (Fig. 5C) so that the
now weakly ciliated, thin-walled, dorsal
food channel (d.c ) lies ventrally. The
ventral groove is completely obliterated
by the glandular epithelium covering
the entire pretorsional ventral and la-
teral walls. The pretorsional upper
edges of the dorsal folds persist as
columnar ciliated cells throughout the
remainder of the mid-oesophagus, this
being rather long and folded up in the
cephalic cavity behind the salivary glands
and in front of the gland of Leiblein.

The very short duct of the gland of
Leiblein opens on the right ventral side
of the mid-oesophagus at the end of the
glandular region. This position is unu-
sual in the Neogastropoda, since in most
other species the duct opens dorsally.
The duct has the 2 pretorsional ventral
oesophageal folds lying on its posterior
surface, and these run obliquely into
the dorsal side of the posterior oeso-
phagus where they disappear. The duct
is lined with a continuation of the epi-
thelium making up the gland of Leiblein
and the ventral folds, the latter nearly
entering the gland before they terminate.
The unusual orientation of this duct
suggests that it hasbeenforced ventrally
by the glandular development of the mid-
oesophagus following the occlusion of the
ventral groove.

The gland of Leiblein (g.1 ) lies on the
right side of the posterior oesophagus
and is an elongate, pyriform body, dark
greenish-brown in life, transversely
wrinkled, with the anterior end, from
which the duct leaves, bent back on
itself on the left side of the gland. Its
lumen is subdivided into semi-tubular
compartments by thin, muscular parti-
tions., The whole of the gland is lined
with tall gland cells which nearly fill
the lumen and it is surrounded by a
thin, muscular coat. The gland cells
have basal nuclei and many bear short
cilia. They appear to undergo a secre-
tory cycle commencing with short cells
with orange-red to brownish-staining
granules in a purplish-blue-staining cy-
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toplasm. As the cells enlarge the
granules increase in quantity, and when
almost at full size green-staining gran-
ules appear. These accumulate with
the other granules at the distal ends of
the cells and at this stage the cilia
appear to be lost. A vacuole then
generally appears below the distal gran-
ular mass which is budded off while the
red granules re-accumulate in the basal
part of the cell and the cycle recom-
mences. The distal end of the gland
is a single tubule, the epithelium of
which is not actively glandular but other-~
wise resembles that of the rest of the
gland,

The posterior oesophagus (p.oes) is a
narrow, thin-walled tube with no dis-
tinct crop region., It is surrounded by
a few muscle fibres and there are about
6 longitudinal ciliated ridges. There
are a few large goblet cells, but other-
wise it is non-glandular. The spherules
from the gland of Leiblein and the gran-
ular secretion from the mid-oesophagus
can be observed in its lumen.

The Stomach and Digestive Gland. The
rather small, U-shaped stomach (Fig.
5D) has a very delicate outer wall. The
oesophagus (oes ) opens into the stomach
on the left side and the intestine emer-
ges alongside on the right, Posteriorly
there is a short caecum (cae ) whichhas
numerous radiating folds on its walls,
The intestinal half of the stomach is
occupied largely by a style sac (i.r ).
This has 2 dorsal typhlosoles and a low
transverse ridge which marks its poste-
rior limit. Alongside the posterior edge
of this ridge a groove leads to the single
digestive gland aperture (c.d.o ) which
lies in the middle of the stomach at the
bend in the U, Thus it lies in close

proximity to both the style sac and the

opening to the oesophagus. The ciliated
gastric epithelium consists mainly of
columnar cells, and thereare no cuticle-
lined surfaces.

The digestive gland duct divides into
2 just below the stomach, the dorsal
branch passing to the small anterior
lobe of the gland which lies above the
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intestinal part of the stomach, and the
other branch running to the massive
posterior lobe. The epithelium of the
digestive gland is like that of Siriga-
tella, but there were none of theamoebo-
cytes, which characteristically store
greenish granules, present in the diges-
tive glands of the 4 specimens sectioned.
The Intestine and Anal Gland. The in-
testine runs from the stomach through
the renal organ and along the right
pallial wall, It is lined with columnar
cells bearing long cilia, Numerous yel-
low to orange-staining gland cells occur
in the rectum,

The anal gland (Fig. 6C; a.g ) is re-
presented by only a single tubule which
lies above the rectum and opens into it
at the level of the anal aperture, Its
cells are cuboidal or short-columnar
and non-ciliated, with large spherical
nuclei and dense yellowish-brown gra-
nules in the cytoplasm. Unlike the usual
type of anal gland epithelium they do
not appear to bud off their apices.

The Male Genital System

The Testis and Vas Deferens. The
testis lies on the ventral surface of the
visceral mass where its tubules form
a compact mass and do not ramify
through the digestive gland. The vas
deferens is swollen into a coiled seminal
vesicle which is lined with pavement
epithelium and does not appear to ingest
sperm. It is confluent witha moderately
wide, ciliated duct, the renal vas defe-
rens, which is longitudinally ridged and
opens into the prostate gland at the
posterior end of the pallial cavity. There
is no gonopericardial canal,

The Prostate Gland. The initial portion
of the large prostate gland (Fig. 6A; pr )
has an enclosed, non-ciliated lumen with
the renal vas deferens buried in its
inner wall. At the point where this
opens, the lumen of the prostate gland
' becomes ciliated and a short fissure is
formed ventrally., The greater part of
the prostate is, however, an enclosed
tube, circular or oval in section and
about 0.34 mm in diameter with a very

narrow, ciliated lumen. There is no
trace of a line of fusion such as that
seen in Ocenebra (Fretter, 1941). The
prostatic cells which contain purple-red-
staining granules, are arranged in an
irregular mass around an inner epithe-
lial layer. This inner layer is similar
in staining properties to the rest of the
prostatic cells, but its cells are colum-
nar in shape and alternate with ciliated
cells,

The prostate becomes narrower inthe

anterior part of the pallial cavity where
it passes on to the floor of the cephalic
sinus as the ejaculatory duct, This duct
is not muscular and is surrounded by a
glandular epithelium which stains blue
near the base of the penis,
The Penis. The massive penis (pen )
lies on the right side of the body at the
base of the pallial cavity., It is oval in
section and tapers to a blunt point at
which the duct opens. The outer surface
is covered with a thick layer of cuticle
which is secreted by a cuboidal epithe-
lium., Immediately below this epithelium
is a thin layer of circular muscle which
surrounds the bulk of the penial tissue,
This consists of an interwoven mass of
variously orientated muscle fibres
amongst which are minute blood spaces
and connective tissue, The ciliated
penial duct has a fairly wide lumen and
is central in position,

The Female Genital System

The Ovary. The ovary contains large
ova up to about 300 p in diameter which
have large yolk granules. The ovarian
tubules remain separate from the diges-
tive gland. The upper oviduct is short
and straight, and has an irregular, non-
ciliated columnar epithelium. The rather
short renal oviduct is lined with tall
ciliated cells and, althoughitcrossesthe
pericardial wall, there is no gonoperi-
cardial duct,

The Albumen Gland, The posterior end
of the albumen gland (Fig, 6B; alb)
bulges into the anterior wall of therenal
organ and has a simple glandular epi-
thelium up to 140 p thick consisting of
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a single layer of cells. The renal ovi-
duct opens near the anterior end of the
albumen gland and, at this point, the
glandular epithelium changes from pur-
plish-blue to very pale pink-staining
cells. These give way ventrally to a
groove lined with a cuboidal epithelium,
This groove is continuous with the ventral
channel of the capsule gland. The pale
pink-staining lateral walls are continuous
between the capsule gland and the albu-
men gland, though there is a change to
a bright red-staining region at the com-
mencement of the capsule gland.

The Ingesting Gland. The ingesting
gland duct opens into the ventral chan-
nel between the junction of the albumen
and capsule glands on their outer side,
1t is like that of Strigatella, but has 1 or
2 very prominent longitudinal folds inthe
upper half. As inStvigatella itopens into
the ingesting gland dorsally. This gland
(i.g ) is also like that of Strigatella,
being a simple pouch lined with tall
cells with large spherical, basal nuclei.
Groups of orientated spermatozoa from
the bursal duct lie in the lumen of the
gland amongst masses of unorientated
sperm which are ingested by the epi-
thelial cells. These cells containbluish-
purple-staining vacuolate cytoplasm, but
have no yellow granules like those typi-
cally seen in many rachiglossans.

The Capsule Gland. The capsule gland
(cap ) closely resembles that of Striga-
tella and shows similar zones in the
posterior part. Owing to the smaller
size of this species, however, the epi-
thelium is nearly all of the simple
glandular type, only the mid-lateral
walls of the middle region of the capsule
gland having a complexglandular epithe-
lium such as that seen in most larger
rachiglossan species. The middle re-
gion of the gland differs slightly from
that of Stvigatella as there is anorange-
red-staining zone in the lower half
separated by a narrow wedge of blue
cells from a dorsal, pale pink~staining
area.

The ventral channel is lined with a
ciliated epithelium and differs from
that of Sivigatella in having a bilobed
left, and a single right ciliated fold

overhanging it. In addition, through
most of its length there is a low ciliated
ridge along its centre.

The Vestibule, Vagina and Bursa Copu-
latrix, The anterior region of the
oviduct is also like that of Stvigatella
in general plan. An anterior, vertical
strip of pale pink-staining glandular epi-
thelium up to 120 p in thickness, gives
way suddenly to a thin-walled vestibule
with narrow, longitudinal ridges and is
lined with short columnar and cuboidal
cells which have only a few mucous
cells amongst them. The vestibule
rapidly narrows until it is only a nar-
row, ventrally placed tube (va ). This
has a thin muscle coat and is lined
with columnar cells laterally and dor-
sally, but cuboidal cells ventrally, These
latter cells are continuous with the ven-
tral channel of the capsule gland. This
tube, the vagina, lies below and on the
outside of a long muscular bulb, the
bursa copulatrix (b.c ). Both the vagina
and the bursa copulatrix open at the
large pallial opening or gonopore, which
is located just behind the anterior ex-
tremity of the bursa. The walls of the
gonopore are heavily folded and lined
with ciliated columnar cells. Behind
the gonopore the cells are covered with
cuticle, Masses of spermatozoa lie with
their heads embeddedinthebursal walls,
but are also found free in the bursal
lumen and attached to the walls of the
anterior part of the vagina. There was
no indication of a ventral pedal gland in
either of the 2 maturefemales sectioned.
The Egg Capsules. Egg capsules (Fig.
6E) are found throughout most of the
year embedded in the tests of various
species of compound and colonial tuni-
cates. They are transparent, horny
and hemispherical, with the flat side
outermost. Usually 3-5 eggs are in-
cluded in each capsule and as many
embryos develop, so that no cannibalism |
appears to occur. The juveniles escape
by making an irregular rent in the outer
surface of the capsule, They are white
and have no operculum. The shells
consist of the pink protoconch of 2
whorls, and at this stage they have 3
columellar plicae.
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0-25mm Sp.O

FIG. 6. A-E. Austrvomitva vubiginosa (Hutton): A. A diagram of the pallial part of the male genital
system, including @ transverse section of the prostate; B. A diagram of the pallial oviduct seen
from the right; C. A transverse section of the bursa copulatrix and vagina; D. A diagram of
the circum-oesophageal ganglia viewed dorsally with the cerebral ganglia separated and spread
apart; E. Dorsal and lateral view of egg capsule. F. Vexillum plicarvium (Linnaeus). A dia-
gram of the pallial part of the male genital system. G. Vexillum luculentum (Reeve). A dia-
gram of the right side of the pallial oviduct. H. Strigatella paupevcula (Linnaeus). A diagram
of the circum-oesophageal ganglia viewed dorsally with the cerebral ganglia separated and
spread apart (for explanation see fig. D).
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VEXILLUM LUCULENTUM (Reeve)

1845 Mitva luculenta Reeve; Conch. Icon.
pl. 30 sp. 245.

1965 Pusia luculenta; Cernohorsky, Ve-
liger, 8: 147, pl. 22, fig, 122,

1966 Vexillum luculentum; Cernohorsky,
Veliger, 9: 120, text fig. 41.

Cernohorsky (1965, 1966) has de-
scribed the external colouration of the
animal, the shell, habitat preferences
and radula of this species. Risbec
(1928) also described the shell, radula
and external features of V. luculentum
as well as the gross anatomy of the
alimentary canal and pallial cavity.

The material described here was col-
lected in the middle intertidal zone at
Port Vila, Efaté Island, New Hebrides.

This species is small for the genus,
being 8-15 mm in height (Cernohorsky,
1965). A few differences in the alimen-
tary canal and genital systems exist
between V. luculentum and Ausivomitva
rubiginosa and these are summarised
below.

The retracted proboscis is a little
longer than that of Austvomitva but the
buccal mass still projects into the ce-
phalic cavity, A very narrow, short
oral invagination recalls that of Austvo-
mitva in structure, butthe muscular part
of the oral tube behind it is not ciliated,
although it is lined with cuboidal cells.
The posterior part of the oral tube is
even more muscular than the middle
portion and is ciliated, both of these
features being in contrasttothe situation
in Austrvomitva. The posterior part of
the oral tube, as in Austromitra, is not
attached in any way, and the middle
part is fixed to the proboscis wall by
slender retractor muscles,

The mid-oesophagus (Fig. 5F) shows
the greatest differentiationfrom Austvo-
mitra of any structure in the alimentary
canal. The long glandular part has
become mostly separated from the con-
ducting tube and forms a long, convolute
structure that is attached to the short,
triangular gland of Leiblein. The de-
tached portion of the mid-oesophagus is
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surrounded by a thin layer of muscle
and the growth of its glandular walls
has apparently outpaced that of a narrow
thin-walled ventral channel (v.c ) which
runs between them. This channel islined
with a very thin, non-ciliated epithelium
which contains minute greenishgranules
similar to those in the cells of the gland
of Leiblein. The original duct of this
gland (d.g.l ) is still apparent as a nar-
row portionbetweenthe mid-oesophageal
section and the true gland of Leiblein,
but all traces of the pretorsional ventral
folds have been lost. The gland of
Leiblein has a thick, muscular wall
with an outer longitudinal and inner
circular layer. The glandular epithe-
lium is not as well developed as it is
in Austvomilva and secretory activity
is much less pronounced. The torsional
area and general cytology are otherwise
like the those of Austromitva. Although
the posterior oesophagus (p.oes) has a
somewhat greater diameter than that of
Austromitva no crop-like structure is
developed. The remainder of the ali-

mentary canal is very like that of Aus-

tromitva except that the 2 digestive gland
ducts open into the stomach separately,

although these are close together in the
same area as the opening of the single

duct in Austrvomitra.

The male genital system is very like

that of Austromitra but the female differs
in some respects. Because of the some-
what larger size of this species the
glandular epithelium of the albumen
gland and capsule gland is arranged in
complex, multicellular units, except for
the dorsal glandular strip of the capsule
gland. The capsule gland (Fig. 6G; cap )
is short in relation to the length of the
bursa copulatrix, but is similar to that
of Austromitra except that the. ventral
channel has a short right ciliated fold
and 2 left folds. The lower left fold is
about the same size as that on the right,
but the upper one is considerably longer,
The very long vagina (va ) is divided
into upper and lower halves by a long
left fold and short right folds and opens,
together with the bursal duct, ata small,



MORPHOLOGY OF MITRIFORM GASTROPODS 321

muscular gonopore.

The bursa copulatrix (b.c ) is much
longer than that of Austrvomitva and it
differs in several other respects. Only
unorientated sperms are stored there
and its thinly muscular wall is not
internally ridged. It is lined with tall
columnar cells, about 50 ¢ in height,
containing red-staining globules which
are secreted, along with blue-staining
granules, into the bursal lumen and ap-
pear in considerable quantities amongst
the masses of spermatozoa. This secre-~
tion is possibly responsible for sperm
breakdown as intact spermatozoa could
only be seen in the proximal end of the
bursa, whereas irregular masses of
sperm that had undergone changes in
appearance and staining properties were
found distally. Thus the bursa may
supplement the function of the ingesting
gland, that is to rid the gonoduct of
excess sperm. Glandular bursal epi-
thelia have also been recorded in Oce-
nebva evinacea (Linnaeus) (Fretter,
1941) and in Oliva sayana Ravenel (Mar-
cus & Marcus, 1959). The bursal duct
is a moderately long, rather twisted,
very muscular canal lined with a cili-
ated epithelium. There was no sign of
a ventral pedal gland,

The renal organ of this, and the fol-
lowing species, is like that of Austro-
mitva,

VEXILLUM PLICARIUM (Linnaeus)

1758 Voluta plicaria Linnaeus; Syst.
Nat. ed. 10, p 732, no. 366.

1965 Vexillum plicarium; Cernohorsky,
Veliger, 8: 132, pl. 20, fig. 94.

The shell of this handsome species
has been described and figured by Cer-
nohorsky (1965) and the radula by Tro-
schel (1856, pl. 9, fig. 15). The material
described here was collected at Port
Vila, Efaté Is., New Hebrides.

The adult shell is 34-50 mm in height
(Cernohorsky, 1965) and is thus much
larger than both of the foregoing species.
The head-foot is like that of other
species of the genus, but details of the

considerable external pigmentation could
not be determined adequately in the
preserved material.

The mantle cavity has a relatively
smaller osphradium and a larger gill
than either of the other 2 much smaller
species, the osphradium being about
?/s of the length of the gill, and about
/2 its width. Differences in the pro-
portions of pallial structures are, how-
ever, usual in allied species that show
a considerable discrepancy in size.

The retracted proboscis of this species
is relatively much longer than that of
V. luculentum. It lies in a muscular
sheath on the right side of the cephalic
cavity and is then bent to the left, It
thus displaces the large salivary glands
to the left so that the right gland over-
lies the left, whereas in Strigatella the
reverse situation is found. The long,
muscular anterior oesophagus runs along
most of the proboscis sheath, but at the
edge of the salivary glands it descends
beneath them. Four powerful retractor
muscles lie below the sheath, continuous
with the rather thick longitudinal mus-
cles in its wall, The slender proboscis
lies with its pointed distal end some-
times protruding into the snout. The
structure of the proboscis (Fig. 9E) is
similar to that of the 2 preceding spe-
cies and is particularly like that of V.
luculentum. The outer epithelium, how-
ever, is columnar and most of the oral
tube is lined with columnar cells. Un-
like that of V. luculentum, the oral in-
vagination, which is exceedingly narrow,
is ciliated, but the next portion, to which
the retractor muscles are attached, has
a non-ciliated cuboidal epithelium. The
posterior part of this tube is relatively
wider and much folded, and has a cili-
ated columnar epithelium. The very
narrow, common duct of the accessory
salivary gland opens on the anterior
extremity of this latter region.

The mid-oesophagus (Fig. 5G) closely
resembles that of V. luculentum, al-
though the gland of Leiblein (g.l) is
shorter than in that species, being about
as broad as it is long and having a
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thicker muscular coat with variously
orientated fibres. In addition the glan-
dular lining is much reduced and deli-
cate, although the cells are of the same
type as in Austrvomitva and occasional
budding of their distal ends occurs.
The lumen of the gland is not sub-
divided, is relatively wide and contains
granules of secretion fromthe separated
mid-oesophageal region attached to the
gland. The gland of Leiblein presumably
acts as a pump in the same manner as
the poison bulb in the Toxoglossa.

The posterior oesophagus (p.oes) is
much wider than that of either of the
other 2 species in this group. Its walls
have very high lamellae which develop
secondary and, posteriorly, tertiary
folds, which consequently occupy much
of the lumen. The function of these
lamellae is possibly absorptive as they
are rather vascular, especially posteri-
orly.

The stomach is relatively smallerthan
that of V. luculentum and Austvomitra,
and has 2 digestive gland openings. The
narrow intestine resembles that of the
other 2 species and the anal gland is
also similar, although the single tubule
develops short side-branches.

The male genital system follows the
same plan as that of Austromitra but
the prostate (Fig. 6F; pr.) is relatively
shorter, and the posterior opening ap-
pears to be restricted to a small pore.
The penis (pen.) is long and slowly
tapering and its duct is centrally placed
as in the other 2 species. Unfortunately,
no male specimen was available for
histological examination,

The female genital structures were
examined histologically in 1 specimen
and, although there was no femaleavail-
able for dissection, the general plan
of the genital tract appears to be like
that of V. luculentum. The mature
ovary is massive, sharply differentiated
from the digestive gland and contains
ova up to 240 p in diameter. There is
no gonopericardial duct and the renal
oviduct is embedded in the pericardial
wall as in the 2 allied species and

Strigatella. The larger size of this
species has resulted in a much greater
development of the lateral walls of the
albumen and capsule glands than was
observed in the smaller, preceding spe-
cies, Larger size has also resulted in
the subdivision of the ingesting gland
into several compartments, andits rela-
tively narrow duct is surrounded by a
massive layer of circular muscle. In
other features, however, this gland has
the same structure as that of Austro-
mitra and V. luculentum. The ventral
channel of the capsule gland has a long
left fold, with 2 low ridges on its under
surface, and a low median fold lying
immediately below the innermost secon-
dary ridge of the left fold. Thus a
sperm channel on the left is separated
from an ovarian channel on the right.
The vagina also shows a division into
2 separate channels as in V. luculentum,
but the folds on either side are of equal
length, The bursa copulatrix does not
appear to be as long as it is in V. lucu-~
lentum, but it is lined with the same
epithelium as seen in that species, the
cells being about 50 p high. The bursal
walls, however, have low, longitudinal
folds, and the muscular bursal duct is
like that of V. luculentum. Noorientated
spermatozoa were observedinthebursa.

The differences inthe mid-oesophagus
and bursa copulatrix suggest that generic
separation is justified for Austromitra,
despite its radula being similar to Vex-
illum species. The simple structure of
the mid-oesophagus, including the primi-
tive nature of the gland of Leiblein in
Austromitra, suggest that it is less
advanced than Vexillum speciesinterms
of evolutionary development.

PART 3

PECULATOR HEDLEYI (Murdoch)

1905 Velpecula (Pusia) hedleyi Murdoch;
Trans. N.Z. Inst., 37: 228, pl. 8, fig. 21.

1937  Peculator hedleyi; Powell, Dis-
covery Rept. 15: 212,

The shell of P. hedleyi is adequately de-
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scribed andfigured by Cernohorsky (1970:
116, pl. 14, figs. 15-16) but no informa-
tion on the soft parts hasbeenpublished.

Living specimens of P. hedleyi were
obtained in shell sand from just below
extreme low water to about 2 fathoms
deep in Taurikura Bay, Whangarei Heads
and in 6-18 fathoms in the entrance to
Port Fitzroy, Great Barrier Island. It
is not a common species and appears
to be restricted to the north eastern
coast of the North Islandof New Zealand.

The shell (Fig. 7G) reaches 6.2 mm
in height, is inflated, with a short spire
which is only /> the height of the aper-
ture. The only sculpture is fine axial
growth lines and weak spiral grooves.
The disproportionately large protoconch
of 2 whorls is uniform brown, but the
remainder of the shell has the brown
colour broken up by irregular spiral
rows of white spots. The long aperture
has 4 columellar plaits.

The living animal (Fig. 7G) is trans-
lucent white and studded with minute,
opaque white spots. Along the lateral
parts of the foot there is a pair of
opaque white strips which are some-
times broken up into a seriesof patches.
A short siphon projects a little beyond
the shell and the rather short tentacles
have rounded ends, with the eyesbulging
from their outer bases, A minute oper-
cular rudiment lies onthe dorsal surface
of the posterior end of the broad foot
which has a wide, straight anterior end
with short lateral projections. The
strongly ciliated sole is richly supplied
with mucous secretion.

The pallial cavity presents few diffe-
rences from the species discussed pre-
viously. The broad, yellowish-brown
osphradium has about 16filaments which
are longer on the right side, and the
ctenidium has triangular gill filaments
which have bases a little narrower than
their height, The hypobranchial gland
covers the pallial roof, gonoduct and
rectum and has 4 types of cells, all of
which are distinguishable inlife. Trans-
parent cells occur abundantly throughout
the gland while black cells and translu-

cent “crystalline” cells lie over the
rectum and gonoduct and are replaced
by brown cells throughout the rest of the
gland. There is no purple hypobranchial
secretion,

The pale greenish renal organ opens
posteriorly into the pallial cavity andthe
mid-oesophagus bulges into the lumen
of the cavity from below the thin floor.
The single tubule of the anal gland can
be seen externally, lying on the right
side of the anterior half of the pallial
roof.

The circum-oesophageal ganglia (Fig.
8G) are similar in arrangement to those
of the foregoing species, although the
supra- (sp.o) and sub-oesophageal
(sb.o) ganglia are connected to the
pleural ganglia (p.) by moderately long
connectives. The buccal ganglia (b.)
are somewhat displaced to the left. The
renal organ is like that of Austromitra
in having the 2 types of renal lamellae
interdigitated.

The Alimentary Canal

The Proboscis. The extended pleurem-

bolic proboscis is moderately long and
is of the same colour as the external
parts of the animal. It is short when
retracted (Figs. TA, 9G) and the basal
portion forms a proboscis sheath. The
distal part does not lie entirely within
the sheath, but extends forward into a
short, ciliated, anterior proboscis cavity
which represents an expansion of the
rhynchostome (Fig. 9G). The outer epi-
thelium of the proboscisis non-glandular
and ciliated, but the sheath is devoid of
cilia. The proboscis wall is rather thin
anteriorly and consists of a very narrow
zone of circular muscles and, inside
these, a few longitudinal fibres, the
latter being much more prominent in
the wall of the sheath., Longitudinal
fibres and connective tissue occupy the
proboscis cavity and some irregular
clusters of red- and blue-staining gland
cells lying in this cavity send their
ducts to the outer surface of the probo-
scis.

The buccal cavity has thick, muscular
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walls and lies above the narrow odonto-
phore which extends nearly to the tip of
the proboscis in the resting position. A
thick cuticular plate lies below theante-
rior end of the odontophore just under
the small mouth, There is no other
appreciable cuticular thickening although
the buccal walls are covered with a thin
chitinous layer, Weakly ciliated but
prominent dorsal folds lie laterally in
the buccal cavity and have the salivary
ducts embedded in them. These ducts
pass laterally and then ventrally to dis-
charge near the anterior end of the
odontophore. A very short, unpaired
accessory salivary gland (a.s.g ) dis-
charges below the anterior end of the
odontophore by way of a short, narrow,
muscular duct. Thisglandis surrounded
by a thin layer of circular muscle and
has an irregular glandular epithelium
which stains pale blue. There are no
gland cells lying outside the muscle,
contrary to the usual condition in the
accessory salivary glands of other neo-
gastropods,

The odontophoral cartilages (od.c )
are rather small and extend to the inner
end of the retracted proboscis. They
are attached to a mass of muscle which
extends well beyond the inner end of the
retracted proboscis, and thus behind the
odontophoral cartilages. This muscular
rod is circular in section (Fig. 7C) and
is made up of a thick coat of circular
muscle about 50 p in thickness. It con-
tains a core of longitudinal muscle in
which is buried, for about /2 of its
length, the radular sac (r.s ). Behind
the end of the radular sac the muscular
core continues to the endof the muscular
rod to which a short odontophoral re-
tractor muscle (od.r )isattached. There
is no epiproboscis.

Each radular row (Fig. 7D) consists
of a large central tooth, and a pair of
smaller, needle-like lateral teeth. Each
central tooth has a long median cusp
with a transversely concave anterior
surface. This suggests that each tooth
acts, in part, as a spoon rather than as
a simple cutting tool. The base of each
tooth has a pair of anteriorly bent, long,

narrow plates, the lower portions of
which are curved laterally,

The Oesophagus and Salivary Glands. A
thick wall of circular muscle surrounds
the anterior oesophagus (Fig. 7Ba). Its
non-glandular epithelium is only weakly
ciliated within the dorsalfood groove, but
the dorsal folds have moderately strong
cilia. The salivary ducts lie embedded
in the dorsal folds throughout the ante-
rior oesophagus and enter it just in
front of the valve of Leiblein. They are
ciliated and lined with a squamous epi-
thelium and, where free from the oeso-
phagus, they have a thin outer coat of
muscle, The small salivary glands
(s.g ) lie below the anterior part of the
mid-oesophagus, They are lobed bodies
which are composed of a few semi-
discrete tubules made up of reddish-
staining cells similar to those found in
most neogastropods. These tubules do
not have any outer muscles and do not
appear to contain any ciliated cells,

The mid-oesophagus (Fig. 7A) is the
most conspicuous part of the alimentary
canal as it forms a long, convolute,
swollen tube lying within the cephalic
cavity. It commences well in front of
the nerve ring as the valve of Leiblein
(v.1), which is slightly wider than the
rest of the mid-oesophagus. A non-
ciliated channel (v.c ), continuous with
the ventral channel in the anterior oeso-
phagus, lies ventrally and a zone of
radial muscles (r.m ) on either side
extend from it into the now reduced
dorsal folds. These muscles persist
right through the valve. Above the
folds lies the glandular pad usually
found in this structure (Fig. 7Bb). The
most anterior glandular epithelium
stains red (r.c) but a dorsal zone of
mucous cells (m.c) alittle behind rapidly
spreads to surround the dorsal glandu~
lar area (Fig. 7Bc). Cells bearing
very long cilia between the mucous
cells and these cilia extend backwards
into the lumen of the gland but there is
no cone-like valve such as is normally
found in this region. The dorsal folds
remain as a distinet, though reduced,
region throughout the “valve”., Their
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FIG. 7. A-G. Peculator hedleyi (Murdoch): A. The anterior alimentary canal showingthe probos-
cis opened. The muscular portion of the mid-oesophagus is cross-hatched; B. (a-h) Transverse
sections of oesophagus near and through the valve of Leiblein (for explanation see text); C. A
transverse section of the muscular posterior extension of the odontophore; D. Radular teeth,
face and lateral view; E. A transverse section of the muscular part of the oesophagus with posi-
tion of section indicated on fig. A; F. A transverse section of the gland of Leiblein and the pos-
terior oesophagus; G. A dorsal view of the living animal and the shell showing the re-
duced operculum. H. Microvoluta mavginata (Hutton). A transverse section of the proboscis.
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lower surfaces arelined witha squamous
epithelium which covers the muscles
referred to above. Their upper surfaces
consist of the red-staining gland cells
which have persisted from the anterior
zone and these reach a maximum height
of 40 . The supporting cells between
these gland cells have only short cilia.
About ?/3of the way through the valve
the red cells on the dorsal folds, and
the mucous lining in the dorsal groove,
are suddenly replaced by blue-staining
gland cells (Fig. 7Be; bl.c ), the sup-
porting cells between which bear short
cilia. This latter region is short and is
replaced by a glandular lining of tall,
pale blue-staining cells and occasional
red-staining cells (Fig. 7Bf-h; m.o)
which continue through the next region
of the mid-oesophagus. Torsion occurs
at the commencement of the blue-staining
area, the ventral groove (v.c ) moving
up the right side (Fig. 7Bd, e). When
in a dorsal position, the squamous epi-
thelium is replacedby red-staining gland
cells like those in the anterior part of
the “valve”. These cells occlude the
ventral groove and the radial muscles
beneath the dorsal folds disappear. This
narrow zone of red-staining cells per-
sists through the next portion of the
mid-oesophagus. The gland cells in the
pretorsional dorsal “food groove” are
replaced by a cuboidal epithelium which
forms a ventral thin-walled, weakly
ciliated channel. The mid-oesophagus
narrows only slightly as it passes be-
tween the circum-oesophageal ganglia,
and there is no appreciable change in
cytology or structure behind this point
for a distance equal to that which lies
in front. In the next regionthe glandular
epithelium is reduced in height and the
pretorsional ventral channel is lost;
correspondingly, the muscular coat,
which was rather thin through the ante-
rior part of the mid-oesophagus, sud-
denly increases in thickness. An irre-
gular epithelium containing greenish-
staining granules abruptly replaces the
gland cells of the anterior section of
this muscular region, although there is

also a narrow, ventral ciliated strip
which is continuous with the dorsal food
groove and is bordered by the 2, low,
ciliated dorsal folds (Fig. TE). This
epithelium probably represents the ante-
rior part of the oesophageal gland(gland
of Leiblein), The muscular coat is
very thick at this point and the lumen
of the oesophagus rapidly narrows. An
outer circular layer makes up the bulk
of this coat, but there is also a thin,
inner layer of longitudinal muscle. The
ventral ciliated strip disappears near
the posterior end of this portion of the
mid-oesophagus, but the pretorsional
ventral groove reappears dorsally and
leads to the opening of the minute gland
of Leiblein, The duct of this gland is
embedded in the muscular oesophageal
wall up to the posterior limit of the mid-
oesophagus. The gland itself (g.l) is
a short, finger-like caecum, much nar-
rower than the mid-oesophagus although
of a similar diameter to the posterior
oesophagus (Fig. 7F). It is a simple
tube with a very thin, outer muscular
coat and is lined with irregular cells
containing greenish granules of the same
type normally seen in this gland, al-
though the characteristic budding of
their distal ends is rather infrequent.
The lumen of the mid-oesophagus is
divided into 2 by the formation of a
partition where the dorsal groove is
closed off to become the duct of the
gland of Leiblein., The lower portion
becomes ciliated and is continuous with
the posterior oesophagus.

In contrast to the mid-oesophagus, the
posterior oesophagus (p.oes) is very
narrow and has only athin external layer
of muscle in all but its most anterior
section. It has a ciliated, non-glandular,
columnar epithelium and a few longitu-
dinal ridges result from variation in the
height of these cells, there being about
6 ridges initially and 4 near the stomach.
The Stomach and Digestive Gland. The
oesophagus becomes confluent with the
stomach on its posterior side, and the
intestine lies alongside. Two very
short digestive gland ducts open near
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the oesophageal aperture, the larger on
the posterior wall leading to the large
left lobe of the digestive gland, whereas
the other, the duct of the small right
lobe, is situated ventrally. A short
caecum forms the right (upper) part of
the stomach and has tall, strongly cili-
ated, closely spaced ridges which run
in a direction parallel to the oesophagus
and intestine. Below this region, on the
anterior side is the main gastric lumen
with ciliated folds running from the
oesophagus to the anterior gastric wall.
A distinct style sac region is separated
from the gastric lumen and has 2 large
typhlosoles bordering a ventral groove.
A small, cuticulate gastric shield pro-
jects into the gastric lumen on the
anterior edge of the stomach, just be-
hind the style sac.

A small anterior (right) lobe of the
digestive gland lies in front of the sto-
mach but most of the gland comprises
the posterior (left) lobe behind. There
are 2 types of digestive cell, the major-
ity being elongate and having long cilia
and variably staining granules whichare
mostly contained in the proximal half
of the cell. A less abundant type is
very broad. These cells containdensely
staining red granules and have very
narrow distal ends whichare not ciliated.
The Intestine and Anal Gland. Thereare
no glandular cells in the posterior part
of the intestine, this having only a
ciliated columnar epithelium and a mo-
derately wide lumen compared with the
posterior oesophagus, and it narrows
towards the anus. At the beginning of
the rectum the epithelium becomes
shorter and numerous epithelial gland
cells with large, orange-staining gran-
ules occur amongst the ciliated cells,
The cells take on a cuboidal form when
the rectum is distended with faecal
material. The narrow distal portion of
the rectum has only ciliated columnar
cells and, consequently, a very narrow

lumen.

The anal gland opens directly at the

l anus (Fig. 8D) and is a single tube with
- short side branches. It has a typical

epithelium of irregular columnar cells
containing greenish - brown - staining
granules and these aggregate in the
distal ends of the cells which are then
budded off.

The Male Genital System

The testis lies above the digestive
gland and does not ramify into it. Sperm
is stored in the swollen, convolute semi-
nal vesicle (Fig. 8A) which is lined with
squamous epithelium. There is a very
short ciliated gonopericardial canal
(p.d ) at the commencement of the renal
vas deferens. The renal section of the
vas deferens is a very narrow duct that
opens into a pallial seminal groove
(s.gr ). This ciliated groove is formed
by a flap on the lower edge of the right
pallial wall which lies against the pallial
floor (Fig. 8B). Two ridges, which bor-
der this groove near the base of the
penis, are occupied by blue-staining
subepithelial gland cells, although the
epithelium is composed of only ciliated
cuboidal cells.

The penis (pen ) is short and thick
and has a shallow, ciliated groove con-
tinuous with the sperm groove, situated
on the left. A central rod of red-
staining prostatic gland cells liberates
its secretion into a narrow ciliated duct
that runs through them, and this opens
at the distal end of the penis at the point
where the penial groove terminates. A
mass of sub-epithelial blue-staining
gland cells are continuous with those in
the anterior part of the seminal groove,
and these lie amongst the connective
tissue and muscle fibres comprising the
bulk of the penis. The outer epithelium
consists of short, ciliated cells and a
few gland cells.

The Female Genital System

The Ovary and Upper Oviduct. The
large ovary contains large yolky eggs
up to 400 p in diameter and remains
quite separate from the digestive gland.
The upper oviduct is constructed in the
same way as that of Stvigatella and Aus-
tromitra.  The short, ciliated, non-
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muscular renal portion passes next to
the pericardial wall and there is no
gonopericardial duct. A long, narrow
arm of the renal organ, however, opens
into the oviduct by way of a very narrow
aperture. This unusual phenomenon has
also been recorded in Mavginella des-
javdini Marche-Machad (Graham, 1966).
The Albumen Gland and Ingesting Gland.
A posterior glandular mass, the albumen
gland (Fig. 8C; alb ), has short cells
containing red-staining granules instead
of the normal blue-staining tissue. This
gland is constructed in the normal fash-
ion and the oviduct opens ventrally near
its anterior end. A short, medianregion
(Fig. 8F; c.r ), with thin, slightly mus-
cular walls which are heavily folded and
lined with a ciliated cuboidal epithelium,
lies between the posterior gland and the
capsule gland. A considerable number
of ciliated tubules (i.d ) branch off from
this area both dorsally and laterally,
especially from the right side. These
tubules are irregularly coiled and open
into vesicles (i.g ) lying mostly on the
left side of the oviduct, although in this
median region they also lie dorsally.
The vesicles extend almost to the ante-
rior and posterior extremities of the
gland and usually contain small bundles
of loose sperm. They are lined with
large cells of very variable form and
size which have pale blue, non-glandular
cytoplasm and large, central nuclei.
Although the vesicles are probably ho-
mologous with the ingesting gland of other
stenoglossans they present a totally
different appearance to those that have
been described and, in addition, there
is no sign of sperm ingestion. They
might more appropriately be termed
seminal receptacles., The ciliated tu-
bules are lined with cuboidal cells and
are not muscular,

The Capsule Gland and Anterior Struc-

tures. The capsule gland (Fig. 8E; cap)
begins infront of the ciliated region, their
walls being continuous. The ventral
channel (v.c) which had become very
subdivided in the ciliated region, retains
a single fold initially but this quickly
disappears until only a ciliated ventral

channel remains, overlapped by a short
glandular fold on either side. The walls
of the capsule gland show only 2 types
of glandular cells. A short posterior
region stains blue and both walls are of
equal thickness, whereas the remainder
of the gland stains red, and the cells,
which are larger than those of the poste-
rior red-staining gland, have relatively
smaller granules. In addition, the outer
(right) wall is only a quarter as thick
as the inner wall in this region. Near
the anterior end of the capsule gland a
short, ciliated right fold appears above
the narrow ventral channel., Just behind
the bursa copulatrix the walls of the
capsule gland become thin by the shor-
tening of the epithelial cells, although
they still contain red-staining granules.
The vestibule (Fig. 8D; vest) lies on
the outside of the short bursa copula-
trix (b.c ) and has a simple ciliated
epithelium. A small gonopore (Fig. 8D)
is confluent with that of the bursalopen-
ing and lies just behind the anterior end
of the oviduct. There is no true vagi-
nal region apart from the ciliated lips
of the gonopore.

The bursa copulatrix (b.c ) is, along
most of its ventral side, open to the
pallial cavity. Its inner walls are lined
with a non-ciliated red-staining glandu-
lar epithelium, but a thick lobe, lined
with pavement epithelium and consisting
of connective tissue and a few muscle
fibres, projects from the right dorsal
wall and nearly fills the lumen. This
lobe diminishes in size and disappears
before reaching either end of the bursa,
Only a few muscles surround the cili-
ated bursal lips and the remainder of
the bursa is not very muscular., No
sperm were observed in the bursainany
of the specimens sectioned.

No pedal gland was found in the fe-
male, either in the living animal or in
sectioned material.

MICROVOLUTA MARGINATA (Hutton)
1885 Turvicula mavginata Hutton, Trans.

N. Z. Inst., 17: 315, pl. 18, fig. 4.
1905 Vulpecula (Pusia) biconica; Mur-
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FIG. 8. A-G. Peculator hedleyi (Murdoch): A. A diagram of the male genital system; B. A trans-
verse section of the posterior part of the seminal groove; C. A diagrammatic lateral view of
the pallial oviduct. The sections d-f correspond to figs. D-F; D. A transverse section of the
bursa copulatrix, vagina and vestibule and showing the anus and anal gland opening; E. A trans-
verse section of the posterior end of the pallial oviduct showing the ingesting gland and its cili-
ated ducts; F. A transverse section of the ciliated, median part of the pallial oviduct showing
the ingesting gland; G. A diagram of the circum-oesophageal ganglia viewed dorsally with
the cerebral ganglia separated and spread apart. H-J. Micvovoluia mavginata (Hutton):
H. A diagram of the male genital system; I. A transverse section of the anterior part of the
seminal groove. J. A transverse section through the middle region of the penis.
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doch & Suter, Trans. N. Z. Inst., 38:
289, pl. 23, fig. 22,

1927 Micvovoluta  biconica;  Finlay,
Trans. N. Z. Inst., 57: 410,
1930 Microvoluta cuvievensis Finlay,

Trans. N. Z. Inst.,, 61: 242, pl. 43,
figs. 19, 21.

1970 Micvovoluta marginata; Cernohor-
sky, Bull. Auck. Inst. Mus., 8: 122,
pl. 15, figs. 14-19, pl. 16, figs. 1-2.

The radula of Micvovoluta austvalis
Angas is figured by Peile (1922) but no
description of any aspect of the animal
of M. marginata has previously been
available. The shell is figured in the
original diagnosis by Finlay (1930), and
by Cernohorsky (1970),

M. mavginata lives in moderately deep
to deep water (15-270 fathoms) around
the coasts of New Zealand, extending to
the Snares Islands and to the Chatham
Islands. The shell attains a length of
about 7 mm and usually has strong axial
ribs and spiral cords, although the de-
gree and detailed pattern of sculptural
development is variable,

Living specimens were obtained from
several localities off the north east
coast of the North Island. These were
all collected by the writer on the Marine
Department vessel “Ikatere” from: 25
fathoms off Bergens Point, south of
Doubtless Bay; 24 fathoms off Cone Rock,
Whangaroa; 85 fathoms south east of the
Cavalli Islands; and 29 fathoms 4 miles
west of Little Barrier Island.

The living animal is translucent white
with small clusters of yellow, orange and
white pigment cells on the dorsal sur-
face of the foot. A moderately long
siphon projects frombeneath the siphonal
notch of the shell and has pale yellow or
orange pigment cells scattered over its
surface. The-eyes are about /3 of the
way along the slender tentacles which
have a few yellow spots. The foot is
broad and is evenly rounded behind,
with short expansions in front and a
slightly indented anterior edge. There
is no opercular rudiment,

The mantle cavity is like that of Pe-
culator, though it was not examined
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while the animal was alive, The osphra-
dium has about 14 filaments, those onthe
left side being shorter. The ctenidium
is relatively large, with about 30 tri-
angular filaments.

The renal organ is like that of Austro-
mitra and Peculator.

The Alimentary Canal

The retracted proboscis (Fig. 9F) is
similar in structure and shape to that of
Peculator, but a compact cluster of
gland cells lies on each side beneath the
proboscis wall (Fig. 7H; g.c ). These
do not extend into the dense muscle and
connective tissue surrounding thebuccal
cavity but terminate behind at the end
of the odontophore. These cells stain
blue, or red, the latter type having
large granules, and clearly represent a
further development of the loose sub-
epithelial gland cells seen in Peculator.
The outer epithelium of the proboscis is
ciliated dorsally and laterally but is
covered with cuticle on its ventral and
anterior surfaces. Unlike the situation
in Peculator the muscles of the proboscis
wall are not arranged into distinctzones
but are a mixture of variously orientated
fibres. A short, muscular tube lies in
an invagination behind the minute mouth
and is lined with very thick cuticle. This
tube is attached to the proboscis wall
by a dense series of short retractor
muscles and the odontophore lies just
behind it, Protrusion of the odontophore
is probably accompanied by the eversion
of this inner mouth., The weakly cuti-
culate oral invagination surrounding the
oral tube is loosely bound to the thin,
outer proboscis wall by many tangential
fibres which may act as retractors and/
or dilators. There is no oral invagina-
tion or separate tube in Peculator.

Lying mostly within the retracted
proboscis behind the oral tube is the
odontophore,
brane retractor muscles are attached to
the narrow odontophoral cartilages
(od.c ) while a short odontophoral re-
tractor muscle is attached directly to

Massive subradular mem-

their ends and ascends to the floor of |

the cephalic cavity, Thus there is no
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0-25mm

0-25mm

FIG. 9. Comparative diagrams of the buccal mass (shown stippled) of the mitriform gastropods
to show the relationships of the main structures. The proboscis wall is solid black and the radu-
lar sac is shown densely stippled where it protrudes from the odontophoral muscles. A. Striga-
tella paupercula (Linnaeus). B. Mitva mitva (Linnaeus). C. Imbricaria conovula (Quoy and
Gaimard). D. Austromitva rubiginosa (Hutton). E. Vexillum plicavium (Linnaeus). (Muscle
fibres are shown running from the oral tube to the buccal mass and proboscis wall). F. Micro-
voluta mavginata (Hutton). G. Peculator hedleyi (Murdoch).
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development of the elongate muscular
rod seen in Pecwlator. The radula is
very similar to that of Peculator except
that the lateral teeth are relatively
larger and a little heavier,

The single accessory salivary gland
(Fig. 9F; a.s.g ) is longer than in Pecu-
lator as it commences opposite the valve
of Leiblein. Its coiled duct (Fig. 7H;
a.s.d ) opens just in front of the odon-
tophore after passing below it as a mi-
nute tube. A short posterior portion
about 60 p wide has a wall consisting
of thin layers of inner circular, and
outer longitudinal muscles, and an inner
epithelium of small, irregular, pale
bluish-staining gland cells with granu-
lar contents. A similar type of cell
forms a single layer outside the mus-
cular tube a little further anteriorly
where the tube reduces in width, At
the same time the inner epithelium be-
comes more pronounced, but at the base
of the proboscis the glandular epithelium
is replaced by squamous cells and the
tube becomes very narrow.

The buccal cavity, anterior, mid- and
posterior oesophagus are like those of
Peculator and, although the salivary
glands are rather larger, they have the
same structure.

The stomach differs from that of
Peculatov innot having a definite caecum,
although the posterior part is expanded.
The style sac is especially well-devel-
oped with the typhlosole on the anterior
wall being mainly composed of large,
blue-staining gland cells. The digestive
gland, rectum and anal gland are like
those of Peculator. Fine mineral par-
ticles, diatom cases and spicule-like
fragments have been seen in the faecal
material.

The Male Genital System

There are few differences from the
system described in Peculator. The
seminal groove (Fig. 8H; s.gr ) is shorter
and is replaced about halfway along the
pallial cavity by glandular ridges (Fig.
8I) similar to those situated further in
front in Peculator. The penis is much

longer than in Peculator although there
is a similar penial groove (Fig. 8J;
p.gr ) and a central rod of prostatic
tissue (pr.c ). The prostatic tissue is
surrounded by a ring of circular muscle
and a ciliated prostatic duct opens dis-
tally at the end of the seminal groove as
it does in Peculator. Two lateral tracts
of blue-staining cells (g.c ) lie on either
side of the prostatic mass, and the outer
penial epithelium is ciliated and contains
abundant mucous cells.

The Female Genital System

Only a single female was available
for examination and although the general
features of the female system resemble
those of Peculator, no detailed compari-
son could be made. The ovary is like
that of Peculator but the albumen gland
cells stain blue and are very short,
being only 20-30 g in height, The gland
also has a wide lumen and is of an
irregular shape. Between the albumen
and capsule glands the ciliated sac is
found, but in this species it is smaller
than in Peculator and is clearly just a
swelling of the ventral channel. Only 2
non-muscular, ciliated ducts are given
off from this area and both open into
the “ingesting gland” or seminal recep-
tacles.
cytological structure as those in Pecu-
lator. Long cilia in the ducts mould
sperm into coherent masses which are
visible in the lumen of the vesicles, but
no indication of sperm ingestion was
observed. The capsule gland appears to
be similar to that of Peculator but no
detailed observations were possible, A
short, ciliated fold lies on the left of
the ventral channel in the anterior part
of the capsule gland. A thin-walled
vestibule is on the right of the bursa
copulatrix. This is lined with mucous
cells and opens into a wide, muscular
vagina which extends along the anterior
half of the bursa to open distally along-
side the bursal opening. The vagina has
an orange-staining cuboidal epithelium
which bears long cilia,

The bursa copulatrix has a thick wall

These vesicles have the same
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of circular muscle and its interior is
irregularly folded. Although the bursal
opening is ciliated the remainder is
lined with columnar cells about 18 u in
height which are covered with a “soft”
cuticle. The differences in the anterior
female genital structures of Peculator
and Micvovoluta can, no doubt, be at-
tributed to the relative size of the penis
in these 2 species.

As in Peculator there was no indica-
tion of a pedal gland. Single egg cap-
sules have been observed attached to
the dorsal or lateral surfaces of the
shells of a few specimens of Micvo-
voluta. Each capsule consists of rather
fragile, transparent, horny material and
is about 0.7 mm in diameter. The cap-
sules are hemispherical in shape and a
single embryo develops within each.
When emergence takes place the crawl-
ing juvenile breaks away most of the
top of its capsule.

DISCUSSION

There is a general uniformity in the
shells of mitriform neogastropods that
has resulted in considerable difficulty
in placing them in genera and higher
taxa. Most of the mitriform species
have solid shells with rather elongate
apertures which are ornamented with
columellar plaits, and no operculum,
Various authors have shown that de-
spite the similarity of their shells, the
mitriform gastropods fall into several
well defined groups based upon radular
pattern, Risbec (1928) found that the
anatomy of several species also showed
considerable differences and Thiele
(1929), presumably using this work as a
basis, listed the anatomical characters
of each of his subfamilies and arrived
at the following classification:

Superfamily Volutacea
Family Mitridae
Subfamily Mitrinae(Mitva, Imbyi-
caria)
Subfamily Vexillinae (Pusia, Vex-
illum)
Subfamily Cylindrinae (Cylindva)

Thiele further suggested that the
structure of the anterior alimentary
canal is so different that 2 families,
Vexillidae and Mitridae, should probably
be distinguished. Risbec(1955)arranged
the species he investigated into several
different families, The true mitrids he
aligned with the Toxoglossa, as he sug-
gested that the epiproboscis (poison
gland) is homologous with the toxoglossan
poison gland. His arrangement was as
follows:

Suborder Toxoglossa
Superfamily Mitracea
Family Mitridae
Subfamily Mitrinae (Mitva, Stri-
gatella)
Subfamily Cylindrinae (Cylindva)
Suborder Stenoglossa
Superfamily Muricacea
Family Purpuridae
“new subfamily” (Pusia)
Superfamily Buccinacea
Family Nassidae
“new subfamily” (Vexillum)

This classification has been subse-
quently accepted only by Taylor & Sohl
(1962) who used it in their summary of
gastropod classification.

The next major attempt to classify
the family Mitridae was that of Cerno-
horsky (1966) which wasbased primarily
on radular and shell features. This
author made no reference to Risbec’s
work and used the same scheme as
Thiele except for the use of anadditional
sub-family, Imbricariinae, Cernohors-
ky’s scheme is summarised below:3

‘ 3Since the above account was prepared Cernohorsky (1970) has published a comprehensive re-

view of the “Mitridae and Volutomitridae”. The classification that he adopts is essentially that

. of his earlier (1966) work.

!
|
I
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Superfamily Volutacea
Family Mitridae
Subfamily Mitrinae (Mitva, Stvi-
gatella, Neocancilla,
Chavitodovon)
Subfamily Imbricariinae (Imbvi-
cavia, Cancilla, Scab-
vicola, Swainsonia)
Subfamily Vexillinae (Vexillum,
Pusia, Austromitra)
Subfamily Cylindromitrinae
(Ptevygia = Cylindra)

Azuma (1965) raised the Vexillinae to
family rank because of its radular char-
acters.

A small group of speciesaround Volu-
tomitra have been variously placed in
the Volutidae (Powell, 1951) or in the
subfamily Volutomitrinae of the Voluti-
dae (Thiele, 1929; Smith, 1942; Cerno-
horsky, 1966) and in the Mitridae (Cot-
ton, 1957; Powell, 1962). It appears
that Micvovoluta and Peculator belong
in this group so that the families Micro-
volutidae and Peculatoridae erected by
Iredale & McMichael (1962) are syno-
nyms.

The present investigation suggests an
arrangement that is not entirely in
accordance with any of the previous
schemes. Of the species examinedthere
appear to be 3 very distinct groups; the
true mitrids (Stvigatella, Mitva, Imbvi-
caria); the “Vexillum group” (Vexillum,
Austromitva); and the “Volutomitra
group” (Micvovoluta, Peculator). Ana-
tomical differentiation between each of
these groups, particularly in the ali-
mentary canal, is so marked that their
separation at the family level appears
to be fully justified. There do not
appear to be sufficient differences to
separate Imbricaria from the true mi-
trids, even at the subfamily level. Cer-
nohorsky (1966) does not indicate how
the Imbricariinae can be separatedfrom
the Mitrinae. The radula, shell features
and anatomy of the Cylindromitrinae
indicate that this group is related to the
Mitrinae and for the present should be
regarded as a subfamily of the Mitridae.

The Volutomitridae hasgenerally been

associated with the Volutidae because
of the similarity of the radular teeth of
Volutomitva and Scaphella species. This
resemblance is only superficial as the
shells and the morphology of the animals
have very few features in common, Sars
(1878) has described the radula and the
gross features of the proboscis of Volu-
tomitva gvgnlandica' (Beck), the type of
that genus, and these structures very
closely resemble those of Micvovoluta
and Peculatov. Peile (1922) described
the radula of Micvovoluta austvalis An-
gas, the type species of Microvoluta,
and states that there are no lateral
teeth, whereas all other members of the
family, including Pavadmete (see Thiele,
1929; Powell, 1951) have these teeth.
The radula of the type species of Pe-
culatov, P. vevconis Iredale, is unknown,
Probably some generic rearrangement
is require to take the radular features
into account, but more species should
first be examined.

The anatomy of a species of Pusia
was described by Risbec (1928) and his
description of the shell suggests that it
was P. consanguinea (Reeve) ratherthan
the closely allied P. micvozonias, the
type species of the genus. The central
tooth of the radula has only 3 cusps but
otherwise it is similar to that of Vexil-
lum and Austrvomitva species and the
alimentary canal is also similar. It
would thus appear that Pusia and Vexil-
lum are related genera andcanbe placed
together in 1 family. Risbec (1955)
suggested Pusia be placed in the Nas-
sariidae, a decision with which the
writer finds no merit whatsoever.

The scheme adopted here for the
classification of the mitriform gastro-
pods can be summarised as follows:

Family Mitridae
Subfamily Mitrinae (=Imbricarii-
nae)
Subfamily Cylindromitrinae
Family Vexillidae
Family Volutomitridae (=Microvol-
utidae, Peculatoridae)

A synopsis of the chief distinguishing

features of the 3 families is given in
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tabular form below (Table 3). The main
differences between the Mitrinae andthe
Cylindromitrinae are given in Table 4.
The anatomical data on the Cylindro-
mitrinae are obtained from Risbec’s
(1928) account of the anatomy of Ptery-
gia crenulata.

The whole question of the relationships
of the families of the Neogastropoda
will be discussed elsewhere, but there
can be little doubt that the 3 groupings
suggested here are of family level, The
morphological characters show a level
of differentiation similar to or greater
than that seen in other neogastropod
family groups.

Despite the considerable differences
in the alimentary canal between the
Mitridae and the Vexillidae, their re-
productive and nervous systems are
generally similar which may suggest a
close relationship. Both the male and
female genital systems of the volutomi-
trids Micvovoluta and Peculatov, how-
ever, show considerable differences
from those of the other 2 families,
There are some common features of
the alimentary canal between the Vexil-
lidae and the Volutomitridae. They both
have a gland of Leiblein, a glandular
mid-oesophagus, a valve of Leiblein and
accessory salivary glands, These fea-
tures, however, are found in many neo-
gastropod families and do not necessarily
indicate a close relationship., Graham
(1941) has suggested that a different
position of torsioninthe mid-oesophagus
indicates a different origin. In the
Vexillidae the torsion of the alimentary
canal seems to occur just behind the
nerve ring whereas in the Mitridae it
probably takes place near the position
of the valve of Leiblein. Torsion in the
Volutomitridae occurs on the posterior
side of the valve of Leiblein but in front
of the nerve ring. Thus, on this evi-
dence alone, the 3 families are well
separated.

The renal organ in the Mitridae is
like that of the Olividae (Marcus &
Marcus, 1959) and the Volutidae (Per-
rier, 1889) in having the primary and

secondary renal lamellae separated into
2 distinct glandular areas, whereas inthe
Vexillidae and the Volutomitridae these
2 types of lamellae are interwoven as
in Buccinum (Perrier, 1889; Dakin, 1912)
and Nucella (Perrier, 1889; Fretter &
Graham, 1962).

The ability of the Mitridae to secrete
a purple hypobranchial fluid similar to
that seen in the Muricidae and the Volu-
tidae is not shared by the Vexillidae or
the Volutomitridae, but does occur in
some Terebridae. When more informa-
tion is available, egg capsules may prove
to have a consistently distinctive form
for each of the families.

Although the Mitridae resembles the
Buccinidae and its allied families in the
absence of accessory salivary glands,
the reduction or absence of a valve of
Leiblein, and the multicuspid lateral
teeth of the radula, the presence of a
purple hypobranchial secretion and an
anal gland suggest affinity with either
the Muricidae or the Volutidae., Other
features of the family such as the colu-
mellar plaits of the shell, the absence of
an operculum, and the very elongate
proboscis, fit the Volutidae better than
the Muricidae. A long proboscis is also
found in the Buccinidae and relatedfami-
lies,

One of the most puzzling questions
concerning the Mitridae is how the epi-
proboscis was evolved, Probably this
was brought about by an elaboration of
a trend towards the ventral migration
of the salivary ducts, such as that seen
in the Vexillidae. As the buccal mass
lies just behind the mouth, this may
have resulted in the openings of these
ducts being pushed to the edge of the
mouth. Eventually these may have been
placed on a small papilla, but the advan-
tages of this are not known. Invagination
of this papilla would probably accompany
its further elongation. The salivary
glands have a second type of secretory
cell not seen in the Vexillidae or the
Microvolutidae and it is possible that
these cells are responsible for the pro-
duction of a toxic substance. It is quite
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TABLE 3. The chief distinguishing features of the 3 families of mitriform gastropods.

Feature MITRIDAE VEXILLIDAE VOLUTOMITRIDAE
Shell
Size large to medium large to small medium to small
Predominant smooth or spiral axial smooth or axial
sculpture
Radula

Lateral teeth

Central teeth

usually multicuspid
or absent

usually relatively
small, multicuspid

simple, curved

relatively large, 3
Or more cusps

needle-like or absent

relatively large, 1 cusp,
long basal processes

Hypobranchial purple yellow-green colourless
secretion

Alimentary canal
Proboscis long moderately long or short

short
Epiproboscis present absent absent
Mouth large, with small, no small, no
peristomal rim peristomal rim peristomal rim

Oral tube absent long very short or absent
Accessory salivary | absent large, paired small, single

glands

Salivary ducts

Valve of Leiblein

Region of torsion

Gland of Leiblein

Mid-oesophagus

Stomach

free or in oeso-
phageal wall

small or absent

valve of Leiblein (?)

absent

very short, not con-
spicuously glandular

often with muscular
gizzard, a modified
style sac and no
caecum

in oesophageal wall

large

behind nerve ring

moderately large or
small

moderately short or
long, glandular

simple, with short
posterior caecum
and style sac

in oesophageal wall

large

behind valve of Leiblein
but in front of
nerve ring

very small, only parti-
ally separated from
oesophagus

very long, glandular

with style sac and
gastric shield, with
or without caecum

Genital system

Gonad

tubules intermingle
with digestive gland

tubules separate from

digestive gland

tubules separate from
digestive gland
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Feature MITRIDAE

VEXILLIDAE VOLUTOMITRIDAE

Ingesting gland or
seminal receptacle

cells columnar,
ingest sperm
and yolk

Pedal gland present

Egg capsules vase-shaped

Prostate gland large pallial gland,
closed except for
small posterior

pallial opening

cells columnar,

absent

large pallial gland,

cells cuboidal, no

ingest sperm sperm ingestion

absent

inverted hemisphericallhemispherical

(Austvomitvra) (Micvrovoluta)

open pallial groove,
prostatic tissue in
penis

closed except for
small posterior
pallial opening

Renal organ primary and
secondary lamellae

interdigitate

primary and

primary and
secondary lamellae
separate

secondary lamellae
separate

possible that a more primitive member
of the Mitridae exists which may give a
definite indication of the evolution of
this organ.

Maes (1971) has shown in Miiva nodu-
losa (Gmelin) that the epiproboscis de-
posits the toxin against the soft parts
of the prey and that the toxin permeates
unbroken epidermis (presumably Killing
the prey).

The structure of the mid-oesophagus
in the Volutomitridae is different from
that of any other neogastropods that
have been described. It has the oeso-
phageal gland (gland of Leiblein) appar-
ently only partially separated from the
mid-oesophagus, the anterior portion
being incorporated in the oesophagus
itself. Thus the gland was probably
partially separated from the oesophagus
from behind forwards. There is, how-
ever, no trace of any ventral folds in
the gland to confirm this supposition.
The gland of Leiblein in the remainder
of the neogastropods was, as shown by
Graham (1941), removed backwards from
the mid-oesophagus and thenturnedover
so that its dorsal surface, along which
run the ventral (oesophageal) folds, lies
immediately above the oesophagus. The
glandular area behind the valve of Leib-
lein in the volutomitrids represents a

secondarily elongated part of the mid-
oesophagus from which the oesophageal

gland retreated. This part appears to
have been largely pulled through the
nerve ring so that the area where tor-
sion occurs lies just behind the valve
of Leiblein,

Cernohorsky (1965, 1966) suggests
that the Mitridae feed on micro-organ-
isms grazed or swept from surface de-
tritus, and that the Vexillidae feed on
dead or living flesh, The gut contents
of the animals described above indicate
that Stvigatella and Imbvicavia feed on
sipunculids and molluscs, although they
may well feed onother animals, and Aus -
tromitva has been observed feeding on
ascidians, The faecal residue of Micro-
voluta shows only fine particulate mate-
rial that could have been derived from
the accidental inclusion of detritus while
feeding, or from the gut contents of its
prey. The food of Strvigatella, Imbri-
cavia and presumabley Mitra is swal-
lowed in chunks that are stored in the
crop region and then triturated by the
muscular gizzard of the stomach. Vex-
illum and Austromitra appear to be
adapted for swallowing small pieces of
food which are then moved rapidly to
the mid-oesophagus and arebrokendown
by the digestive juices secreted by the
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TABLE 4. The main differences between the 2 subfamilies, Mitrinae and Cylindromitrinae

Feature

MITRINAE

CYLINDROMITRINAE

Shell

variable in outline, often
elongate

cylindrical, with depressed
spire

Radular formula

N=a=il

0-1-0

Head-foot

small in relation to shell

large in relation to shell

Alimentary canal
Proboscis

Epiproboscis

Salivary ducts

long, rather broad

moderately large in relation
to the powerful buccal mass

free from oesophageal wall

very long, narrow

very large in relation to the
minute buccal mass

apparently within wall of

Stomach

with muscular gizzard in
oesophageal region

oesophagus

apparently no muscular
region

gland of Leiblein and possibly the mid-
oesophageal glands. Cernohorsky (1965)
has observed Vexillum species envelop-
ing prey with the foot after the manner
of some Olividae. The Volutomitridae
probably scrape particles of flesh or
may even feed on body fluids which are
sucked into the proboscis by the power-
ful buccal walls. Again preliminary
breakdown of food may occur by a
secretion from the mid-oesophageal
glands, but in addition some of the
epithelium of the gland of Leiblein is in
direct contact with the food as this epi-
thelium is incorporated in the oesopha-
gus, Possibly a protostyle is sometimes
formed in the style sac, which may ac-
count for the retention of that part of
the stomach, and for the presence of a
gastric shield.

Raeihle (1969) has shown that Thala
floridana (Dall) feeds on a variety of
gastropods which it kills by a sting
from its extended proboscis. Cerno-
horsky (1970) also notes an observation
(but does not give a source) of a species
of Thala “killing another mollusc with
the extendable poison gland”. This
genus has a vexillid type of radula and
shell and may eventually prove to be

an atypical mitrid when anatomical in-
formation is available.

Risbec (1955) has noted the advantage
of columellar plaits in providing “slip
free traction” for the columellar muscle.
This shell feature has been evolved
independently in many groups including,
within the Neogastropoda, the Volutidae,
Olividae, Fasciolariidae, Turridae (Bor-
soniinae), Marginellidae and the Turbin-
ellidae, and may well have evolved
separately in the 3 families of mitri-
form gastropods.
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ZUSAMMENFASSUNG

DIE MORPHOLOGIE EINIGER MITRIFORMER GASTROPODEN UNTER
BESONDERER BERUCKSICHTIGUNG IHRES VERDAUUNGS -
UND GESCHLECHTSAPPARATTS (NEOGASTROPODA)

W. F. Ponder

Verdauungskanal und Geschlechtsapparat von Strigatella paupevcula (Linnaeus),
Austromitva vubiginosa (Hutton) und Peculator hedleyi (Murdoch) werden ausfllhrlich
beschrieben und mit denen einiger verwandter Arten verglichen. Die hauptsichlichen
Merkmale von Kopf, Fuss, MantelhShle, Nieren und Schlundring-Ganglien werden

kurz angegeben,

Die Arten gehSren zu 3 Familien, den Mitridae, Vexillidae und Volutomitridae,
wobei jede Familie einen besonderen Typus des Verdauungskanals aufweist. Eine
besondere Epiproboscis an der Proboscis der Mitridae dient als Tr4ger der Speichel-
ginge. Zus#tzliche Speicheldrisen und eine Leibleinsche Drillse sind bei den Vexilli-
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dae und Volutomitridae vorhanden, fehlen aber beide in den Mitridae, W4ihrend der
Verdauungskanal der Vexillidae und Volutomitridae manche Zilge gemeinsam haben,
sind ihre Geschlechtswege ganz verschieden. Die Geschlechtsapparate der Vexillidae
und Mitridae sind sehr dhnlich, Gemeinsame Merkmale der besprochenen Arten sind
u.a. eine Analdrllse, Columellarfalten und Fehlen eines Operculums, ebenso eine
allgemeine Ahnlichkeit der Schalen, welche Ahnlichkeiten der Autor filr weniger aus-
schlaggebend flr die Beurteilung der Verwandtschaft der Familien hilt, Andere
Merkmale der Mitridae (s.s.), die bei den anderen 2 Familien nicht vorkommen sind
eine hypobranchiale Purpursekretion, vasenfSrmige Eikapseln und eine ventrale
Fussdrilse bei den Weibchen. Die Eikapseln von Austromitra und Microvoluta sind
halbkugelig. Die Niere der Mitridae hat die primiren und sekundiren Lamellen an
getrennten Stellen, sie greifen bei den anderen 2 Familien ineinander. Es scheinen
keine wesentlichen Unterschiede der Schlundringganglien der 3 Gruppen zu bestehen.

H. Z.

RESUME

LA MORPHOLOGIE DE QUELQUES GASTEROPODES MITRIFORMES
AVEC REFERENCE SPECIALE A LEUR APPAREIL
DIGESTIF ET REPRODUCTEUR (NEOGASTROPODA)

W. F. Ponder

Les appareils digestif et reproducteur de Strigatella paupercula (L.), Austromitva
rubiginosa (Hutton) et Peculator hedleyi (Murdoch) sont décrits en détail et comparés
a ceux de plusieurs espéces voisines, Lesprincipaux caractéres de la tate et du pied,
de la cavité palléale, du rein et des ganglions périoesophagiens sont briévement
indiqués.

Les espéces décrites se rapportent 4 3 familles, les Mitridae, Vexillidae et Voluto-
mitridae, chaque famille ayant un type distinctif d’appareil digestif. Un épiproboscis
particulier, présent dans le proboscis des Mitridae, sert de véhicule aux conduits
salivaires. Des glandes salivaires accessoires et une glande de Leiblein se rencon-
trent chez les Vexillidae et les Volutomitridae, mais sont toutes deux absentes chez
les Mitridae. Tandis que les appareils digestifs des Vexillidae et des Volutomitridae
ont plusieurs traits communs, leurs tractus génitaux sont tout 3 fait distincts. Les
structures de l’appareil reproducteur des Vexillidae et des Mitridae sont trés sem-
blables. Les traits communs des espéces considérées sont: glande anale, plis colu-
mellaires et absence d’opercule, ainsi que similarité générale de leur coquille,
caractéres que l’auteur considére comme d’importance secondaire, vu qu’il évalue
leur parenté au niveau de la famille, D’autres caractéres des Mitridae (s.s.), non
rencontrés dans les 2 autresfamilles, comprend une sécrétion pourpre hypobranchiale,
des capsules ovigéres enforme de vase et une glande pédiale ventrale chez les femelles,
Les capsules ovigéres d’Austromitva et Micvovoluta sont hémisphériques. Le rein a
des lamelles primaires et secondaires nettement séparées chez les Mitridae, mais
elles sont interdigitées chez les 2 autres familles. Il ne semble pas y avoir de dif-
férence significative entre les ganglions circum-oesophagiens des 3 groupes.

A. L.

RESUMEN

MORFOLOGIA DE ALGUNOS NEOGASTROPODA MITRIFORMES CON
REFERENCIA ESPECIAL A SUS SISTEMAS DIGESTIVO Y REPRODUCTOR

W. F. Ponder
El canal alimenticio y sistema reproductor en Strigatella paupercula (L.),

Austromita yubiginosa (Hutton) y Peculator hedleyi (Murdoch), se describeye se com-
para en detalle, con aquellos de otras especies aliadas. Se indicanbrevemente los
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aspectos principales de la cabeza, pié, cavidad paleal, drganos renales y ganglios
circunesofagicos.

Las especies asi descriptas pertenecen a tres familias: Mitridae, Vexillidae y
Volutomitridae, cada una con un tipo de canal alimenticio distinto. Una epiproboscis
peculiar, presente en la proboscis de los Mitridae, sirvede vehiculo a los conductos
salivares. Glandulas salivares accesorias aparecen, asi como una glandula de
Leiblein, en los Vexillidae y Volutomitridae, pero estan ausentes en los Mitridae.
Aunque el canal alimenticio en Vexillidae y Volutomitridae tienen muchos aspectos
comunes sus conductos genitales son muy distintos. Caracteres comunes a las espe-
cies consideradas incluyen una glindula anal, placas columelares, y ausencia de
opérculo, asi como similaridad general en las conchas que el autor considera de
importancia secundaria enla apreciacion de las relaciones al nivel de familia. Otros
caracteres de los Mitridae (s.s.) que no se encuentran en las otras familias son:
secrecion hipobranquial purplrea, capsulas ovigeras vasiformes, y una glandula
pedal ventral en las hembras. Las capsulas ovigeras de Austrvomitva y Microvoluta
son esféricas. El organo renal tiene las lamelas primarias y secundarias en areas
separadas en los Mitridae, pero son interdigitadas en las otras dos familias., Los
ganglios circunesofagicos en los tres grupos parecen no tener diferencias de signi-
caci6n.

J. J. P.

ASCTPAKT

MOPWIGIOTVIA HE
OCOBEHH(

MATPUICC
MIEBA

\3HFX GASTROPODA (NEOGASTROPODA),
JIBHOW W NOJIOBOM CUCTEM

B.¢. TIOHIEP

JeTalbHC HNMUcHEaeTcd CTpoeHMe [OMueBapUTedBHOR U nNoJoBOM cucTeMm ¥
Strigatella paupercula (L.), Austromitra rubignosa (Hutton) v Peculator hedleyi (Murdoch)

n OpoOBCANTCA WX CpabBHEHUE C HEexoTOop MM CJAM3KMMA BULAMA. BxpaTtue
OLUBOOATCA nucaHve OCHCEBHHX YepT CTPOEHUA odJacTv roJiopa-Hora,
MaHTUAHON noJdaccTN, No4yevyHoro opraHa |18 BOKDPYT'TIOTOYHOTO raHiraud.

PaccMOTpeHHbHe EWAM OTHOCHATCA K TpeM cemelcTeam - Mitridae, Vexillidae u
Volutomitridae. BuAF Kaxaoro cemeficTea WUMENT pas3anuHuil Tun CTpoeHus
TUEeBapUTeNbHOTO KaHana. Ocofuii epiproboscis, umenumiicg Ha proboscis MATpUR
CAYYNUT OYTENPOBOAOM AJiS CJAKHHBX NPOTOKOB. JIOMOJNHMTEJbHHE CJAKHHEE XeJe3h
n kenesza JlesneilHa wumerwTca y Vexillidae n Volutomitridae, HO OTCYTCTBYWT ¥y
MuTpua. B TO Bpewmd, Kakx nuueBapUTeNbHaR cucTeMa y Vexillidae #n
Volutomitridae MMexT HEeKOTOpHEe OGiue YepTH, CTpOeHVMe WX NOJOBHX NPOTOKOB
COEEPLEeHHO pa3inyHo. CTpoeHue nonosci cucTeMs y Vexillidae u Mitridae oueHb
SuMM ANA HAX ABNAeTCH HalduvMe aHalbHOR XeJe3h, KOJOMeWNJNAPHHX
K M OTcyTceBue operculum, a Takxe UMeeTCs CXONCTBO B OCWEM CTPOEHUM
MX PaKOEWH. _ JTWM NPU3HaAKM CUMTApRTCHd BTOPOCTEMNEHHBMA OPU YCTEHOBJIEHUM UX
POLNCTBEHHHX cBfizeld Ha ypoBHe ceMeiicTBa. [lpyrvie npu3Haky Mitridae (s.s.),
He HallleHHHe y OBYyX OPYyIMX ceMeilcTe, - 3To rIunoSpaHxuanbHas CcexKpeuvs
nypnypa, Basoo6padHie fiiiueese kancyan M (y camok) HaauuMe ¢ GpoLHON
CTOpPOHB HCXHOM #¥eJjeadl. AilueBrie  xancyus Y Austromitra Vi Microvoluta -
nonyctepunyeckue. [loyeuHHiH opraH y Mitridae MMeeT pasnedbHie NEePBAYHYR U
BTOLUMUHYK MJIACTUHKM, B TO BpeMs, Kak y ABYX APYyIvMX ceMeHCTB OHU UMENT
najbUeBMAHBE BHDPOCTH. BUOMMO, HUKAKMX 3HAUATENbHBHX pasauunii y BeexX
TpeX IpyNn B CTPOEHUU BOKPYITVIOTOUHOI'O TaHIVIMA HeT.

Z.A.F.



